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PREFACE  TO  VOL.  II. 


The  few  inantbB  tbst  Itave  elapsed  since  the  preparation 
and  publication  of  the  Ist  volume  of  this  edition  of  Uantell'e 
"  W<Hiderfl  of  Qeology  "  have  been  as  productive  of  geologi- 
cal facta  and  theories  as  any  such  fonner  period,  if  not  more 
so.  Most  of  the  new  dkcoverieB  in  geology,  and  of  the  de> 
termination  or  correetion  of  former  hypotheses,  have  been 
described  or  commented  upon  in  variouB  communications 
published  by  the  Oeological  Society  of  London ;  and  many 
other  p<Hnta  of  geolog;ical  interest  Yam  been  treated  of 
in  papers  read  before  the  Geolo^^cd  Societies  of  Dublin, 
Paris,  Berlin,  and  Tienna,  or  before  other  Scientific  Socie- 
ties of  Europe  and  America. 

!Not  to  dwell  upon  the  much-increased  list  oi  tho  plane- 
toida  (p.  44),  to  the  known  numb&r  of  which  seven  have 
been  already  added, — or  the  additional  recorded  instances  of 
aerolitic  phenomens,  hut  to  refer  to  circumstances  more 
closely  connected  with  pbyvical  geology,  we  may  draw  atten- 
tion to  Sir  C.  Lyell's  locid  r^Bum6  of  fiwts  relative  to 
the  secular  elevation  of  the  land,— -of  an  abstract  of  a  lecture 
on  this  subject  not  long  since  deUvered,  by  the  author  of  the 
"  Principles,"  we  have  availed  ourselves  (p.  958).  In  another 
direction,  our  study  of  physical  geolo^  has  of  ltU«  been 
greatly  aided  by  Mr.  H.  C.  Sorby's  remarkable  researches  in 
the  microscopical  structure  of  rocks,  both  sedimentary  and 
hypi^ene,  and  of  the  component  crystals  of  the  latter  (see 
p.  946).  Mr.  Prestwich's  hypothetical  extension  of  Upper 
Tertiary  deposits  over  a  great  part  of  the  South-east  of  Eng- 
land demands  careful  attention ;  and,  though  not  yet  clearly 
sabitautiated,  and  indeed  still  fcmning  a  geolt^cal  problem 
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difficult  of  flolution,  baa  already  been  productive  of  raluable 
results,  in  netting  geologists  at  work  again  over  a  country 
once  thought  to  have  been  nearly  ezhauated  of  geological 
novelties. 

But  perhaps  the  discovery  of  a  large  granitic  boulder  in 
the  heart  of  the  Chalk  of  Croydon  (p.  972)  has  been  as 
prolific  a  source  of  geologic  argument  and  romance  as  any 
fact  laf«ly  brought  fom^d.  The  outlines  of  the  old  creta- 
ceous ocean  and  its  archipelagos,— its  shores  and  Bea-deepB, 
its  sea-weeds  and  drifted  shells, — the  jungles  of  its  coasts, — 
and  the  possible  icebergs  of  its  northern  limits, — offer  a  wide 
field  both  for  the  strict  physicist  and  the  imi^inative  geolo- 
gist. With  this  subject  is  closely  connected  the  probable  ex- 
istence in  the  earlypart  of  the  Cretaceous  period  of  a  ridge  of 
rocks,  chiefly  belonging  to  the  coal-measures,  ranging  across 
the  South  British  area,  as  explained  and  illustrated  of  late  by 
Mr.  Godwin- Austen  (seep.  75&,  note).  The  presence  of  this 
old  ridge  in  the  cretaceous  ocean  has  had  two  important 
results.  In  the  first  place  it  gave  rise  to  local  shingly  de- 
posits, interrupting  the  general  succession  of  the  sands  and 
clays  older  than  the  Gault,  and  has  thereby  rendered  it  un- 
likely that  we  shall  be  able  to  obtain  from  beneath  London 
such  a  supply  of  water,  by  means  of  very  deep  Artesian 
wells,  as  has  been  obtained  at  Grenelle  from  the  Lower 
Oreensand  ;  and,  secondly,  it  has  probably  borne  up,  as  a 
part  of  its  constituent  mass,  some  coal-beds,  continuous 
with  those  of  Belgium  on  one  hand,  and  of  Somersetshire  on 
the  other ;  thereby  pottibly  affording  coal  in  deep  borings, 
in  this  district. 

In  the  study  of  fossils,  so  many  new  and  interesting  facts 
have  been<  elucidated,  that  we  can  only  refer  to  a  few :  such 
as  Mr.  Becklea's  further  discoveries  araong  tbe  Mammalia 
and  Septilia  of  the  Furbeck  period,  and  his  discovery  of  the 
bones  of  the  entire  foot  of  the  Ignanodon,  which,  being 
three-toed,  may  well  fit  some  of  the  fossil  foot-marks  de- 
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ecribed  at  p-  383,  as  having  beea  found  in  deposits  formed 
among  the  haunts  of  this  great  reptile  ; — to  the  descriptions, 
by  Prof.  Huiley  and  Mr.  Kirkby,  of  Crustaceans  of  higher 
rank  than  Entomoatracfl  in  the  Permian  and  Carboniferous 
deposits; — to  the  discovery,  by  the  geologists  of  Ludlow  and, 
the  neighbourhood,  of  many  more  fish-remaina  in  the  Upper 
Silurian  than  had  hitherto  been  kno^ni ; — and  especially  to 
Dr.  Falconer's  luminous  eiposition  of  the  zoological  and 
geological  relations  of  the  true  species  of  Mastodon  and 
Elephant  (see  p.  963). 

To  the  results  of  Sir  B.  I.  Murchison's  well-sustained  re- 
searches among  paUeozoio  rocks  and  fossils  we  owe  very 
much  indeed  that  is  new  ia  our  knowledge  of  the  Permian 
and  Silurian  formations.  Of  the  latter  especially  we  have  a 
recently  corrected  classification,  which,  elaborated  hy  this 
distinguished  geologist,  and  enriched  by  the  labours  of  Ame- 
rican, !E!uropeas,  and  British  palieontologists,  is,  with  Sir 
Boderick's  kind  permission,  brought  forward  in  this  little 
work  for  the  use  of  the  student,  even  before  its  appearance 
in  the  forthcoming  Second  Edition  of  Sir  B.  Murcbison's 
"  SUuria."  Last,  not  least,  we  must  particularly  notice  the 
disentanglement  of  the  ravelled  cine  to  a  clear  knowledge  of 
the  relations  of  the  rocks  of  Sutherlandshire,  where  Mr. 
Peach's  late  discovery  i^  an  important  set  of  fossils  in  a 
band  of  altered  limestone  has  enabled  Sir  B.  Murchison  to 
bring  to  their  true  bearings  the  observations  made  in  this 
locality  by  himself  and  others,  and  not  only  to  rectify  errors 
and  to  disperse  the  obscurity  which  covered  the  geological 
history  of  the  yorth-westem  Highlands  of  Scotland,  but  to 
place  enormous  masses  of  the  stratified  rocks  of  this  region 
into  their  right  places  in  the  geological  scale,  and  in  relation 
with  their  equivalent  formations  in  Scandinavia,  Canada, 
Wales,  and  elsewhere. 

T.  BUFXBT   JOBES. 

Jfc&rwwy,  1858. 
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LECTURE  V. 

FOBJIATIOK ;  OOLITE  AND  LIAS, 


miry  oT  Uiq  i^ unnodiin. 

i-  OeograplilcaJ  4fscrll>Dth>q  oT  Uie  Oolite,  9.  Ballqoj'-Aectlaii 
Lbe  OcUU :  PoiUaDd  Bock,  11.  KltnuurldKe  Clay.  11.  OiTo] 
»  Oxaai  Cliy.    14.  KcUowaj^iack  ud  Comlxuli.    UL  The 


Foulla.   ao.  LUbc^Tiiplilc  EloDe  ot  <tenaaiiy.  31. 
23.  CollrnuWD  HUia.  10.  Cial-1i«iu'lug  OdUM  g| 


1.  ZooLOGiT  OE  THE  Chalk, — The  examisatioa  of  the 
Cretaceous  and  Wealden  fonnatioiiB  has  afTorded  an  in- 
structive espoaition  not  onl^  of  the  nature  of  oceanic  and 
flufiatile  deposits  in  general,  but  also  of  the  condition  of 
animated  nature  at  the  close  of  the  geological  cycle  which 
comprises  the  secondary  epochs.  It  will  therefore  be  ex- 
pedient in  this  stage  of  our  inquiry  to  consider  the  general 
features  of  the  animal  kingdom  during  the  periods  embraced 
in  this  review. 
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In  the  ocean-oed  of  the  cretaceoue  period,  we  find  vestiges 
of  all  the  principal  groups  of  exiating  marine  organiama ; 
comprising  many  genera  of  the  Shark-family — viz.  species  of 
Ceatracion,  Lamna,  Corai,  &c. ;  with  fishes  related  to  the 
Chimtera,  Salmou,  Mackerel,  BasBe,  &c. ; — in  fact,  the  lead- 
ing typee  of  the  majority  of  the  fishes  that  inhahit  the  pre- 
sent seas.*  The  Cephalopoda  (Cuttle-fishes)  and  Echino- 
dermata  (Sea-urchins,  Star-fishes,  and  Encrinites)  were 
profusely  dereloped  ;  crustaceans  allied  to  the  Mermit-crah, 
Lobster,  "Water-flea,  &c. ;  imivalve  and  bivalve  moUusca; 
and  innumerable  multitudes  of  Sponges,  Bryozoa,  and  For»- 
miuifera ; — all  these  forms  of  animal  existence  have  left  en- 
during memorials  of  their  presence  in  the  seas  of  those  re- 
mote ages.  And,  although  we  have  likewise  proof  that 
numerous  extinct  genera,  together  with  others  now  of  ex- 
cessive rarity,  swarmed  in  prodigious  numbers  in  the  creta- 
ceous ocean,  and  negative  evidence  that  the  Cetacea  (see 
above,  p.  S25),  as  the  Whale,  Porpoise,  Seal,  &c-,  were  not 
among  its  inhabitants,  yet  the  diversified  types  of  animated 
beings  whose  relics  are  entombed  in  these  strata  show  that 
the  waters  of  the  deep  possessed  the  same  general  conditions, 
and  maintained  the  same  relations  with  the  atmosphere  and 
with  light,  as  at  the  present  time. 

The  most  remarkable  peculiarity  in  the  zoological  feature 
of  the  Chalk  relates  to  the  abundance  of  marine  Beptiles ; 
for,  with  the  single  exception  of  a  lizard  belonging  to  the 
family  of  the  Iffiumid/e,  which  inhabits  certain  parts  of  the 
sea-coasts  of  South  America,t  the  Chebnians  or  Turtles  are 
the  only  known  existing  marine  animals  of  this  class.  But 
the  cretaceous  sea  was  tenanted  by  several  Saurians  of  con- 

*  See  the  chronological  table  in  M.  Agas^'i  Rechecchea  aur  lee  PoU  - 
>OIUi  Foasilea,  tome  i. ;  and  Morris,  Calat.  Brit.  Pom-  p.  31(i,  &c 

t  The  Amblyr/iynchm  criatatui  of  the  Galapagos  lalaiids:  see  Sir. 
Darwin's  Jcuniol,  in  the  Culonial  Library,  p.  3SE>;  and  Lyeli's  HaQUal, 
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Biderable  magnitude,  —  namely,  the  MoaaaauruB  (p.  319), 

Polyptychodon  (p.  367),  Ichtbyoaaurue,  Fleaiosaims ;  and 
by  others  of  smaller  size,  such  as  small  Turtlea  and  the  eel* 
like  Bolichoaaurua, 

Of  the  terrestrial  fauna  and  flora,  the  evidence  to  be  de- 
rived from  deep-sea  deposits  must  of  eourse  be  scanty.  We 
have,  however,  proof  that  the  then,  dry  land  bore  forests  of 
pines ;  that  fema  and  plants  of  the  cycadeoua  tribea  formed 
the  prevailing  vegetation;  and  that  the  country  waa  in« 
habited  by  Iguanodona,  Pterodactylea,  and  other  reptiles, 

2.  ZooLOGx  OP  TH»  Wealdeu. — From  data  of  a  liba 
nature,  we  learn  that  during  the  deposition  of  the  Wealden 
there  was  an  extensive  region  traveraed  by  streams  and 
rivers  swarming  with  fiahea,  eruataceana,  and  mollusca,  of 
extinct  apecies,  but  belonging  to  the  same  principal  types 
as  those  which  inhabit  the  Iresh  waters  of  warm  climates 
under  aimilar  conditions:  and  that  then,  as  now,  marsh- 
tortoises  and  crocodilian  reptiles  tenanted  the  swamps  and 

Of  the  inhabitants  of  the  land,  we  have  more  ample  in- 
formation from  the  relics  ingulfed  in  the  deltas  and  lacus* 
trine  sediments,  than  could  be  afforded  by  deposits  accumu- 
lated in  the  depths  of  the  ocean,  and  far  from  the  regions 
whence  they  were  derived. 

Colossal  herbivorous  and  camivoroua  Hzarda,  diiFering 
esaentially  in  their  organization  from  all  existing  reptiles, 
and  of  which  no  vestigea  have  been  discovered  in  any  strata 
newer  than  the  Chalk,  were  the  principal  terrestrial  verte- 
brata  of  the  "Wealden  epoch.  These,  together  with  some 
small  mammata,  a  few  flying  reptilea,  and  lizarda  of  small 
size,  and  probably  some  wading  birds,  appear  to  have  con- 
atltuted  the  entire  vertebrate  fauna  of  the  regions  which 
furnished  the  materials  of  this  formation.  The  flora  con- 
sisted chiefly  of  ferns,  coniferous  trees,  cycadeoua  plants, 
cypresses,  and  a  few  unknown,  but  apparently  related  forma, 
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In  &ct,  the  ialfuids  imd  contineste  of  the  late  Oolitic  and  early 
Cretaceous  epochs,  during  which  time  the  Wealdea  deposits 
were  heiug  formed,  appear  to  have  poBBesaed  many  similar 
zoological  and  botanical  characters.  Here  then  we  have  the 
first  glimpse  of  extensive  regions  almost  ezcluaively  inhabit- 
ed by  enormous  reptiles :  for,  though  the  leaves  and  fruits 
of  delicate  plants,  the  fragile  bones  of  birds  and  flying  rep- 
tiles, the  wings  of  insects,  and  the  brittle  shells  of  molluscs 
with  their  ligaments  and  epidermis  remaining,  are  abund- 
antly found  imbedded  in  the  sediments  of  the  rivers  and 
aeaa,  but  few  traces  of  mammiferoua  aniEpals,  and  those  of 
small  size,*  have  been  discovered  in  the  Wealden  deposits. 
We  have  now  approached  the  Age  of  SeptUet ; — that  geo- 
logical epoch,  in  which  the  earth  swarmed  with  enormous 
oviparous  quadrupeds,  and  the  air  and  the  waters  alike 
teemed  with  reptilian  forms.   , 

3.  Site  op  thb  coontet  os  the  Igcamodon. — Before 
we  pass  to  the  investigation  of  the  older  secondary  form- 
ations, I  would  briefly  reconsider  the  question  as  to  the 
geographical  position  of  the  principal  tracts  of  country  dur- 
ing the  deposition  of  the  Wealden  and  Cretaceous  strata ; 
— whether  England  was  then  dry  land,  and  enjoyed  a  tropi- 
cal climate ;  and  whether  turtles,  crocodiles,  and  gigantic 
lizards  here  flourished  amid  groves  of  tree-ferns,  and  other 
productions  of  intertropical  diraes;  or,  on  the  contrary, 
whether  the  country  of  the  Iguanodon  was  situated  for  dia- 
tant  from  the  area  now  covered  by  its  spoils? 

The  unequivocal  marks  of  transport  which,  as  we  have 
seen,  the  foasila  of  the  "Wealden  so  generally  exhibit,  seem 
to  demonstrate  that  the  reptiles  aud  terrestrial  plants  could 
not  have  lived  and  died  in  the  regions  where  their  relics  are 
imbedded :  for,  with  the  exception  of  the  beds  of  river-shells 
and  minute  crustaceans,  and  the  plants  which  indicate  a 

*  The  Spalacothere  sod  Pl^iaulsx,  and  Ibeii  allies,  in  tlie  Purbevk 
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lacuBtrine  condition,  the  orgaoio  remunB  frequently  bear  in- 
disputable marka  of  having  been  transporKd  from  some 
remote  country,  by  a  river  or  powerful  flood  of  freBh-water.* 

The  specimen  of  tbe  Hylteosaume  (ante,  p.  449)  tbrows 
light  on  this  question.  Many  of  the  vertebrs  and  riba  are 
broken  and  splintered,  but  the  fragments  remain  near  each 
other :  and,  though  the  bones  are  more  or  less  displaced,  yet 
they  lie  in  situationfl  bearing  Bome  relation  to  their  natural 
positions.  These  facts  demonstrate  that  the  carcass  of  tbe 
animal  must  have  been  contused  and  mutilated,  and  that  the 
dislocated  and  broken  parts  were  held  together  by  the  mu»- 
des  and  integuments.  In  this  state  the  headless  Imnk  must 
have  floated  down  the  river,  and  at  length  have  sunk  into 
the  mud  of  the  delta,  where  ia  formed  a  nucleus,  around 
which  the  stems  and  foliage  of  ferns  and  cycadeous  plants 
accumulated,  and  river-sbellB  became  intermingled  in  the 
general  maes.  Here  then  we  have  evidence  of  the  body  of  a 
terrestrial  reptile  having  been  transported  from  a  consider- 
able distance  by  a  stream  or  current  of  fresh  water ;  for 
not  the  slightest  indication  of  marine  detritus  can  be  traced 
in  the  deposits  in  which  it  was  imbedded.  The  country 
where  this  animal  lived  and  died  may  therefore  have  been 
situated  far  from  the  spot  where  its  fossil  remains  were  en- 
tombed. 

An  eminent  geologist  f  has  the  following  remarks  on  this 
subject : — 

"  l(  it  be  uked  where  the  continent  van  plit<:ed  from  the  ruins  of 
thich  the  Wealden  strata,  were  derised,  and  by  the  drainage  of  which  a 
great  river  was  fed,  we  are  half  lempted  to  speculate  on  the  fonneF  e:i- 
islence  of  tbe  Atlantis  of  Plato.  The  story  of  the  suhmeigence  of  an 
uicienl  continent,  however  fabulous  in  history,  may  be  true  as  a  geolo- 
gical event,     lis  disappearance  may  have  been  grsduHl ;  and  we  need 

*  The  upri^t  trees  of  the  Isle  of  Portland  present  an  eicepiion ;  but 
(his  forest  ma;  have  grown  on  an  island  very  remote  from  the  mainland, 
inhabited  by  colossal  repliles. 

t  Lyell;  Elements  of  Geology,  Second  Edition,  vol.  i.  p.  432. 
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not  suppose  that  the  nXe  of  Bubtidence  wu  hastened  ftt  tbe  period  when 

tha  displacement  of  a  peat  liody  or  fre:ih  va.ter  b;  tbe  Cretaceous  lea 
took  place.  Suppose  tbe  mean  height  of  land  diaitied  b;  the  liver  of 
the  Wealden  estuaij  to  have  been  no  more  than  800  or  1000  feet ;  in 
that  case,  all  except  tlie  tops  of  the  mountaina  would  be  corered  as  soon 
aa  the  fundamental  Oolite  and  the  dirt-b^d  were  sunk  down  about  1000 
fest  below  the  level  ntith  they  occupied  when  the  forest  of  Portland 
VM  growing.  Towards]  the  close  of  the  period  of  (bis  subsidence,  both 
the  see,  would  encroach  and  the  rivei  dimmish  in  volume  more  rapidly ; 
yet  in  such  a  manner,  that  we  may  easily  conceive  the  sedimect  at  first 
irashed  into  the  advancing  sea  to  have  resembled  that  previously  depo- 
sited by  the  river  in  the  estuary.  In  fact,  the  upper  beds  of  tbe  Wealden, 
and  the  inferior  stnita  of  tha  Lower  Greensand,  are  not  only  couform- 
kble,*  but  of  aimilar  mineral  cooiposition. 

"It  is  also  a  remarkable  fact,  that  the  same  Iguonodon  itanttUi 
which  is  so  conspicuous  a  fossil  in  the  Wealden  has  been  discovered  near 
Maidstone,  in  tbe  overlying  Kentish-rag,  or  marine  limestone  of  the 
Lower  Greensand.  Hence  we  may  infer,  that  some  of  the  Saurians 
which  inhabiled  the  country  of  tbe  great  river  continued  to  lice  when 
part  of  the  country  bad  become  submerged  beneslb  tbe  sea.  Thus  in 
OUT  own  times,  we  may  suppose  the  bones  of  alligators  to  be  frequently 
entombed  in  recent  freab-water  strata  in  the  delta  of  tbe  Ganges ;  but,  if 
part  of  that  delta  should  sink  down  so  as  to  be  covered  by  (be  sea,  marine 
foimations  might  begin  to  accumulate  ia  tbe  same  space  where  fresh- 
water beds  had  previously  been  formed ;  and  yet  tbe  Ganges  might  still 
pour  down  its  turbid  waters  m  the  same  direction,  and  transport  the  car- 
oasses  *of  the  same  species  of  alligator  to  the  sea ;  in  which  csise  their  bones 
might  be  included  in  marine  aa  well  as  in  subjacent  fresh-water  strat*." 

4.  LITH0LOGIC1A.L  STHtTCTUHE  OT  THE  I&TTATTODOIT  COTTN- 

TEY. — The  nature  of  the  rocka  and  strata  of  which  the 
country  of  the  Iguanodont  was  eompoBed  is  also  a  Bubjeet 
of  considerihle  interest ;  and  from  the  first  moment  that 
the  fluyiatile  origin  of  the  WeaJden  suggested  itself  to  my 
mind,  to  the  time  when  I  was  compeUed  by  ill  health  to  quit 
the  field  of  my  early  researches,  I  lost  no  opportunity  of 
obtaining  data  by  which  the  problem  might  be  soWed,  and 
carefully  examined  the  pebbles  and  boulders,  and  the  fine 

•  The  Rev.  C.  Fisher  pomla  out  the  eiceptional  unconformability  of 
these  deposits  in  Dorsetshire.    Trans.  Camb.  Phil.  Soc  vol.  ii.  p.  556, 

t  See  also  Petrifactions  and  their  Teachings,  chap.  3. 
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detritus  as  well  aa  the  coarser  materials  of  nhidi  the 
Wealden  beda  are  composed. 

My  lamented  friend,  the  late  Mr.  Bakewell,  kindly  afford- 
ed me  his  valuable  aid  in  determining  the  nature  of  the 
rocks  whence  the  debris  was  deriyed;  but  the  materials 
were  too  scanty  to  throw  any  satisfactory  light  upon  the 
inquiry.  In  the  "  Fossils  of  Tilgate  Porest, "  a  hed  of 
conglomerate,  near  Cuckfieid,  is  described  as  containing 
pebbles  of  white,  yellow,  pink,  and  mottled  quartz,  jasper, 
flinty-alate,  and  indurated  Bandstoae :  and  from  this  deposit 
I  expected  to  obtain  more  satisfactory  information  than 
from  the  fine  detritus  of  which  the  sands,  sandstones,  and 
clays  consist.  But  with  the  exception  of  small  pebbles  of 
rock-crystal,*  the  substances  above  mentioned  comprise  all 
the  transported  minerals  that  have  come  under  my  observa- 
tion. The  abundance  of  micaceous  particles  in  many  of  the 
aanda  and  sandstones,  and  the  prevalence  of  argillaceous  and 
arenaceous  deposits,  eeem  to  indicate  a  region  in  which  were 
primary  rocks,  with  sandstones  and  clay ;  for  the  quartz- 
pebbles  and  the  micaceous  aanda  and  clays  may  have  been 
derived  from  decomposed  granitic  and  felspathic  rocka,  Ei- 
traneous  foesils  are  rare  both  in  the  Wealden  and  the 
Chalk.t  Debris  of  oolitic  fossils,  however,  occur  in  some 
beds  of  the  Lower  OTeensand  in  Surrey. 

The  observations  of  Dr.  Buckland  on  this  problem  entire- 
ly accord  with  the  result  of  my  own  investigations. 

■'  The  general  absence  ot  pebbles  sliowa  that  the  lands  were  distuit 

■  Smell  locli-crjitalB  are  afl«n  foand  in  the  sandMooe  neat  Tunbridge 
Welle,  and  are  cut  and  wt  in  tinge  and  braochei  by  the  lapidaries  of 
that  (own. 

+  A  rolled  fragment  of  coniferous  wood,  irhich,  from  its  state  of  mi- 
neraliialion,  there  is  resson  to  conclnde  ia  from  the  Oolite,  was  found 
by  Henry  Carr,  Esq.,  in  a  block  of  white  chalk  from  a  railway -cutting 
near  Epsom.  See  Geology  of  (he  Isle  of  Wight,  p.  140.  Dr.  Fillon 
IS  Laving  found  a  rolled  ammonite  in  the  Wealden* 
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from  vheuM  tlie  flue  puiidea  of  sind  and  clay  vete  tnniporled.  .... 

We  should  be  inclined  to  look  for  these  laoda  either  in  Deioiuilure  or 
Cornwall,  on  the  west)  oris  the  nearest  primuy  and  tnnsitioD  mountaina 
of  Ihe  Continent,  Tiz.  in  Normandy  and  BritlMiy,  on  the  BOUlh-we«l ;  or 
in  (he  forest  of  Ardennes,  on  the  south-eaal.  It  is  not  probable  that 
the  mateiiali  of  the  Wealden  formalion  haTe  been  derived  in  any  great 
degree  trom  the  detritos  of  the  Oolitic  seriea,  becauM  in  such  caae  ve 
■bould  baTe  found  among  them  an  admiiturs  of  pebblet  of  Oolite,  none 
of  which  have  yet  been  noticed.''* 

Of  the  seaward  eztenrion  of  the  delta  of  the  Iguanodon 
river,  no  certain  indicatioiiB  have  yet  been  obtained :  t  but 
it  is  evident  that  there  must  have  been  intercalationB  of  the 
detritus  and  organic  remains  of  the  land  and  fresh-water 
with  those  of  the  sea  into  which  the  mighty  stream  di»> 
charged  its  waters ;  and  there  can  be  no  doubt  that  sooner 
or  later  such  fluvio-marine  Wealden  strata  as  those  at  Pim- 
field  and  at  Beauvsia,  when  studied  more  extensively, 
will  be  found  to  throw  much  light  on  the  history  of  the 
"Wealden. 

5.  LowKB  Sbcoitdaet  FoKMATioirs.  —  In  accordance 
with  the  chronological  arrangement  (p.  202),  I  proceed  to 
the  consideration  of  the  antecedent,  or  lower,  group  of 
the  secondary  formations,  namely  the  Oolile,X  Iam,  and 
Triaa.  As  a  whole,  the  series  consists  of  alternations  of 
clays,  marls,  limestones,  sands,  and  sandstones,  abounding 
in  marine  eiuviie,  and  which  have  evidently  been  deposited 
in  the  basin  of  a  sea  or  sesa.  With  these  strata  are  inter- 
calated in  some  localities  beds  of  fluvio-marine  detritus,  in 

*  Geol  Trans.  2nd  series,  toI.  iii.  p.  430. 

t  Mr.  Godwin  Austen's  Map,  PI.  I.,  vol.  lii.  Geol.  Soc.  Jonm.,  and 
his  obaenalions,  up.  nil.  p.  66,  should  be  consulted  on  this  subject. 

J  The  Oolitic  and  Liassio  rocks  may  be  conTeoientljr  considered  un- 
der the  single  term  "  Oolitic,"  or,  alill  better  "  Jurassica."  As  the 
Jnra  mountain -range  comprises  the  whole  seriea  of  these  rocks,  the  con- 
tinental geologists,  diriding  them  into  groaps,  know  them  as  the 
"White  (or  Upper)  Jura,"  "  Broini  (or  Middle)  Jura,"  and  "  Black 
(or  Lower)  Jura,"  and  coUeCtirely  as  the  "Jurassic  formation." 
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which  Teatiges  of  terrestrial  animals  and  plants  are  im- 
bedded. 

(I  shall  also  comprise  in  tbis  Lecture  a  notice  of  the  Per- 
mitm  formation,  although  belonging  to  the  palaeozoic  system, 
because  the  mineral  and  some  of  the  o^anic  charaotere  «r% 
conveniently  described  when  treating  of  the  Trios,  and  that 
the  Carboniferous  system  may  be  considered  in  a  separate 
discourse.) 

The  fossil  remains  of  the  inhabitants  of  the  Jurassic  sea 
comprise  a  prodigious  number  of  foraminifera,  zoophytes, 
echinodermata,  mollusca,  Crustacea,  fishes,  and  reptiles,  nearly 
all  of  extinct  forms.  The  fossil  marine  plants  of  this  series 
belong  to  several  species  of  alg» ;  and  those  of  the  land  con-, 
sist  of  such  as  were  transported  into  the  ocean  by  rivers  and 
currents,  namely,  trunks  uid  branches  of  coniferous  trees, 
(Tf  cadeous  plants,  ferns,  &c. ;  sometimes  occurring  in  the  state 
of  lignite  and  coal.  The  relics  of  the  land  animals  are  prin- 
cipaUy  of  insects,  with  bones  and  teeth  of  numerous  reptiles ; 
and  of  three  genera  of  small  terrestrial  mammalia.  Evidence 
is  thus  afforded  of  the  eiiatence  of  countries  clothed  with  a 
luxuriant  vegetation,  and  inhabited  by  numerous  reptiles 
and  a  few  warm-blooded  quadrupeds. 

6.  Gettbbal  view  of  the  Oolite  aud  Lias,  oh  thz 
J0BA.BSIO  FOBMATios. — This  formation  may  be  described  as 
consisting  of  three  principal  argillaceous  and  of  an  equal 
number  of  calcareous  deposits  ;  namely.  Upper  or  Portland 
Oolite,  and  the  Eimmeridge  Clay ;  Middle  or  Coralline 
Oolite,  and  Oxford  Clay ;  and  Lower  Oolites,  and  the  Lisa- 
sic  Clays.  The  leading  subdivisions  of  these  strata,  as  they 
occur  in  England,  and  the  names  by  which  they  are  gene- 
rally distinguished,  are  eipressed  in  the  following  table. 
The  Lias  is  included ;  for,  though,  in  conformity  with  the 
usual  geological  classifications,  this  group  of  strata  is  placed 
as  a  separate  formation  in  the  synopsis  (p.  202),  we  shall 
find  it  convenient,  and,  I  believe,  more  in  accordance  with 
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the  origio  and  nature  of  the  depoaits,  to  comprise  it  in  a 
general  surrey  of  the  Oolitic  or  JurasBic  serieB.* 


OB  JUBA8BI0    OROrP. 


Vppbr  Oolite 

of  the  Isle  of 

PortUnii.  WQts, 

Buoks,  Berks, 
Oxfordshire,  &c. 


Middle  Ool:tb. 
WiJUiOxfardahue, , 

Ymlahite, 


LowBB  Oolite. 

tViltg,  Someiset, 
Glouceatershiie, 

Oifordahire, 

and  NortbEinp- 

tonshlra. 


1.  Portlmd  Stone,  and  Portlmd  Samd  ;—\\mf- 

Btone,  uiuRllf  white,  vith  layers  or  dutrly 
flint i  gteen  and  femiginoiu  sands:  Ammo- 
nilet,  Tarebra,  Trigonia,  with  other  marine 
exuvis  i  soine  bonea  of  reptiles,  and  diified 

S.  Kitntiteri^  CIaji,<—blue  claj,  nith  seplaria, 

bands  of  sandy  coBcrslion,  and  bituminous 

»h«le;  nwrinc  reptiles,  flshes,  shell*,  etnak, 

and  other  organic  remains. 
1,  Cakareaiu  Brit  aoA  CoTol'raj  i — sandy  lime - 

etone,  shelMimestone,  and  limestone  composed 

of  corals,  with  shells  and  echini. 
3.  Oxford  Claj/ ; — bine  clay,  with  septaila ;    a- 

bounding  in  fossilB :  a  feimginoos  sandy  lim«- 

sCons,  called  KtUoaayt-rock,  ioH  of  shelli,  it 

subordinate  to  this  clay. 
1.  CominuA , 'coarse  shelly  limestone,  with  clay. 
3.  Faral  Marble,  and  Bradford  Cliqr;— fissile 

arenaceous   limestone,  coarse    shelljr  oolite, 

sand,  grit,  and  clays. 

3.  Great  Oolite ; — Oolitic  limestone  and  calMreous 
IiGesloDe;  sometimes  rich  in  shells,  ^'fonst- 
jieWrtaie; — fissile  oolitic  liinealone.  Contain- 
ing lemsins  of  conifers,  cycades,  ferns,  and 
alge,  marine  shells  and  fishes ;  insects,  reptiles, 
and  mammalia. 

4.  FuUer'i  Earth ,— mirla  snd  clays,  with  fiiUw's 
etrtli,  and  sandy  limestoaes  with  shells. 

5.  ChtlteTUvtm  or  Inferior  Oolite  ; —■conat  lime- 
stone, with  masaea  of  trigoniee,  gryphse,  and 
terebratuln  ;  freestone  and  pea-grit ; — ferru- 
giaoas  sand,  with  concretionwy  blocks  of  sandy 
limeatone. 


'  In  the  Map,  PI.  I.  vol.  i.,  the  Oolit« 
tie  colour  and  number  (4). 
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of  the 
Yorkshire  coast. 


1.  Combratki  a  thin  bed  of  mbbly  limesione  ; 
wikich  ill  pumy  parts  ii  a  mere  aggiegntion  of 
shells  uid  other  fossilB. 

2.  SmiAtonei  and  Clays,  with  land-plnitta  ;  Oiin 
coal  and  akale  i  calcaieousBandatoue  and  shell]' 
limentone  {Grtat  Oolite). 

3.  Sandttona,  ofien  carbonnceous  with  clays,  ibll 
of IsKTes of teireatrial plants;  bedtef eoid imA 


4.     Limetlone,    fenuginoue    i 

1.  SAslly  limeabmea  ; — altemationa  of  aandalDnes, 
Bhalea,  Bjid  ixonslone;   with  plants. 

2.  FtrrugiiuniM  li/nailone,  with  carboniied  wood, 
leaves,  ehelU,  and  cypridie. 

3.  Saad4tone  and  iMe,  with  tu»  bed*  of  coal. 


of 

Dorsetaliire, 

Sometsetshire, 

Glouceslerahire, 

llorthanipiuu- 

and  Yorkshire. 


UAS. 

1.  Upper  Lin  iAoIb  and  Umetloae  (Alum-iKaU 
of  Yorkshire),  replete  with  remains  of  fishes ; 
lepdleg,  especially  IcbthyoMuri  and  Plesia- 
sauri ;  Ciinoidea  in  profueioni  Crustacea;  be- 
lemnitea,  ammomlcs,  &c. ;  jet  at  Whitby. 

2.  ^orbfonff— calcareous,  sandy,  and  ferru^ous 
strata,  rich  in  belemniles,  ammonites,  pectens, 
and  olber  rosail  BhelU  i  wood,  ferns,  and  cyca- 
deous  plants. 

3.  Lotaer  Lim  ilialet  and  limtilongt — abonndin;; 
in  shells,  Plagiottoma  giganitiua,  Gryphaa  iH- 
curta,  &e. 

This  list,  ertenstTe  as  it  appears,  exliibits  only  the  princi- 
pal deposits  comprised  in  the  Oolitic  system.  The  difference 
obaervftble  between  the  lower  beds  of  the  Oolites  of  the 
South- western  couutieB  and  those  of  Yorkahire  and  Scotland, 
in  the  presence  of  accumuktions  of  vegetable  matter  ia  the 
state  df  coal,  with  the  remaiim  of  terrestrial  plants, — and 
the  occurrence  of  the  relics  of  Zamite,  Insects,  Eeptiles,  and 
MamauUia,  in  the  Stooesfield  slate,  are  of  great  interest,  for 
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they  attest  the  existence  of  land,  and  the  action  of  rivers 
and  currents.  Our  preTloue  observationa  on  the  nature  of 
oceanic  deposits  (vol.  i.  p.  57)  will  have  prepared  the  inWlli- 
geat  reader  for  such  intercalations  of  terrestrial  detritus 
with  remaina  of  land-animals  in  the  deposits  of  the  ancient 

7.  Oolite  or  Soe-stoke. — The  limestones  of  this  form- 
ation have  very  generally  a  peculiar  structure,  being  com- 
posed of  an  aggregation  of  small  rounded  grains  or  spherules, 
presenting  some  resemblance  to  clusters  of  small  eggs,  or 
the  roes  of  fishes ;  whence  the  name  Oolite,  or  Boe-gtone, 
which  ia  now  applied,  not  only  to  limestones  possessing  this 
character,  but  also  to  the  entire  series  of  deposits  which  in- 
tervene between  the  Chalk  and  Wealden  above  and  the  Lias 
below.  On  the  Continent  the  group  is  generally  termed 
"  Terraitig  Jwatsiqueg,"  from  the  Jura  Mountains  that  di- 
vide France  from  Switzerland  being  largely  composed  of 
these  deposits. 

The  oolitic  structure  is  not  however  confined  to  this  divi- 
sion of  the  secondary  rocks ;  for  it  occurs  in  recent,  ia  ter- 
tiary, and  also  in  some  of  the  most  ancient  sedimentary 
strata.  It  consists  of  an  aggregation  of  grains  or  globules 
of  calcareous  matter,  composed  of  concentric  laminie  which 
commonly  have  a  particle  of  sand,  a  minute  shell,  or  a  frag- 
ment of  shell  or  other  organic  substance,  as  a  nudeus. 
These  globules  owe  their  formation  to  the  deposition  of  suc- 
cessive spheroidal  concretions  around  the  included  body 
while  subjected  to  the  action  of  water  in  which  a  rotatory 
motion  ia  induced ;  and  the  spheroids  continue  to  increase 
until  they  become  too  heavy  for  further  transport,  and  then 
subside,  and  are  consolidated  by  subsequent  infiltration. 
"When  the  individual  spheres  are  of  a  large  size,  the  aggre- 
gated mass  is  called  pUolite  or  peastone.  The  springs  near 
Carlsbad  deposit  a  beautiful  conglomerate  of  this  kind, 
some  masses  of  which  are  sufficiently  compact  to  admit  of 
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being  manu&ctured  into  boxes  and  other  omamentB.  Polieh- 
ed  sliceB  exhibit  every  variety  of  sections  of  the  concentric 
layers  of  which  the  concretions  are  composed ;  and,  aa  the 
colour  varies  from  a  pure  white  to  a  delicate  brown,  the  sur- 
&C8  is  elegantly  marked  with  zones  of  various  tints. 

8.  Oeoqka.phioa£  distbibution  op  the  Oolitk, — The 
etrata  above  enumerated  form  a  striking  feature  in  the  phy- 
sical geography  of  England,  from  the  southern  shore  of 
Dorsetshire  to  the  Yorkshire  coast.  They  constitute  a 
table-land  of  coneldeTable  elevation,  the  greatest  heights 
amounting  to  1500  feet,  which  extends  in  a  tortuous  liue 
from  the  Dorsetshire  coast,  through  Someraetshire,  Wilt- 
shire, Gloucestershire,  Oxfordshire,  Northamptonshire,  and 
Lincolnshire,  to  the  eastern  shores  of  Yorkshire.  This  tract 
generally  presents  a  bold  escarpment  to  the  west,  and  slopes 
gradually  to  the  east,  dividing  the  eastern  and  western  drain- 
age of  that  part  of  England.* 

Certain  subdirisions  of  the  Oolite  predominate  in  parti- 
cular localities  ;  thus,  the  Oxford  Clay  prevails  in  the  mid- 
land counties, — the  grey  rubbiy  limestone,  called  Combrash, 
at  Malmsbury,  Chippenham,  Ac., — the  Forest  Marble,  in  Ox- 
fordshire and  Somersetshire, — the  Great  Oolite,  at  Bath, — 
the  Stonesfield  Slate,  or  rather  Tilestone,  near  Woodstock, — 
and  the  Inferior  Oolite,  in  the  Cotteswold  hills. 

The  Lias  forms  a  district  that  lies  parallel  with  the 
escarpment  of  the  Oolite,  from  beneath  the  base  of  which  it 
emerges ;  it  traverses  the  country  from  the  well-known  cliffs 
at  Lyme  Begia  in  Dorsetshire  to  near  Sedcar,  on  the  York- 
shire coast, t 

On  the  Continent  the  Oohte  appears  in  Normandy,  aod 
its  characteristic  fossils  prevail  in  the  quarries  around  Caen ; 
diverging  into  several  branches  or  rangea  of  hiUs,  it  tra- 

•  See  Geology  of  Yorkshire,  by  Professor  Phillips, 
t  Tha  Weatem  boundary  of  the  Oolites  ia  shown  on  Mr.  Godwin 
Austen's  map,  GeaL  Jonra.  vol.  zii.  pi.  1- 
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veruB  France,  fonui  tlie  chief  feature  of  the  Jun  Moun- 
tains, and  constituteg  part  of  the  Alps ;  and  in  the  latter, 
Btrats  belonging  to  this  Byetem  appear  greatly  altered  in 
their  mineralogical  compoBitioQ  from  the  effect  of  metamor- 
phic  action.  The  Juraasic  Beries  of  Germany,*  containB  the 
lithographic  atones  of  Pappenhoim,  Solenhofen,  and  Mann- 
heim, some  beds  of  which  are  celebrated  for  the  beauty  and 
variety  of  their  fossil  remains. 

Jurassic  rocks  occur  in  Spain,  Algeria,  Sicily,  Italy,  Crod- 
tia,  and  the  CarpathianB ;  alao  in  Bussia,  the  Crimea,  the 
CaucasuB,  Persia,  and  Syria.  Jurasaic  fossils  have  been 
collected  in  Cutoh,t  in  the  Himalay  as,}  in  Central  India,^ 
in  South  Airica,||  and  to  a  small  extent  in  North  America.^ 
The  eastern  coal-fields  of  Vii^ia  are  referred  by  some  geo- 
logists to  the  Jurossic  period.  Oolitic  fossilB  are  also  stated 
to  have  been  discovered  in  South  America. 

9.  Railwat-sbctiokb. — In  a  prerious  Lecture  (vol.  i.  p. 
373)  we  described  the  sections  presented  by  the  South-East- 
em  railway  as  affording  a  coup-d'ceil  of  the  geological  struc- 
ture of  that  part  of  England:  in  like  manner  the  lines  that 
traverse  our  island  in  other  directioos  enable  the  instructed 
observer  to  obtain  a  general  idea  of  the  geographical  distri- 
bution and  position  of  the  principal  groups  of  the  rocks  and 
strata. 

More  than  a  quarter  of  a  century  since,  the  information 
to  be  derived  from  such  a  survey  was  admirably  pointed  out 
by  Conyheare."*  "If,"  observes  that  eminent  geologist, 
"we  suppose  an  intelligent  traveller  taking  his  departure 

*  For  a  comparaliv«  view  of  llie  ConliaenUd  »nd  Uie  Engliah  Oolite", 
aee  Fnaa,  Quart.  Geol.  Soc.  Jouin.  vol.  vLI.  part  2,  p,  42;  and  Oppo^ 
Wiitembeig  NaL  Hist.  Soc.  Journal,  18n7. 

t  Gaol.  Trana.  2  ser.  vol.  y.  p.  297.  J  Geol.  Soc.  Joum.  vol, 

vii.  p.  306.  ^  Bid.  vol.  x.  p.  372,  and  li.  p.  376. 

II  Geol.  Trana.  2  ser.  vol.  vii.  p.  193.  f  By  M.  Jules  Marcou. 

*  *  Geology  of  England  and  Wales,  p.  ii. 


jji.z.iit>,CoogIc 


i  9.  RAILWAY  SECnONS,  435 

&om  thfi  metropolia,  to  make  from  that  point  eereral  auc- 
cessive  joumeyB  to  Tarious  parts  of  this  island,  for  mBtance, 
to  South  Wales  Or  to  North  Wales,  or  to  Cumberland  or 
to  Korthnmberland,  he  cannot  fail  to  notice  (if  he  pays  any 
attention  to  the  physical  geography  of  the  country  through 
which  he  paaees)  that,  before  he  arriTes  at  the  districts  in 
which  co^  is  found,  he  will  firet  pass  a  tract  of  clay  and 
sand ;  then  another  of  chalk ;  that  he  will  next  observe 
numerous  qoarriea  of  the  calcareous  freestone  used  in  archi- 
tecture ;  that  he  will  afterwards  pass  a  broad  Hine  of  red 
marly  sand ;  and  beyond  this  wiU  find  himself  in  the  midst 
of  coal-mines  and  iroa-fu maces.  This  order  he  will  find  to 
be  invariably  the  same,  whichever  of  the  routes  above  indi- 
cated he  piuvues ;  and,  if  he  proceeds  further,  be  will  per- 
ceive that  near  the  lioiits  of  the  co^-fields  he  will  generally 
observe  bills  of  the  same  kind  of  compact  limestone,  afford- 
ing grey  and  dark  marbles,  and  abounding  in  mines  of  lead 
and  ziuc ;  and  at  a  yet  greater  distance  mountainous  tracts 
in  which  roofing-slate  abounds,  and  the  mines  are  yet  more 
valuable ;  and  lastly,  he  will  often  find,  surrounded  by  these 
elaty  tracts,  centi^  groups  of  granitic  rocks." 

The  Great  Western  £ailway,  from  London  to  Bath,  and 
the  Birmingham  line  &om  Euston  Square  to  Derby,  respec- 
tively traverse  the  strata  comprised  in  the  oolitic  system ; 
for  our  present  purpose  the  former  will  afford  the  most  in- 
structive illustration.  ¥rom  the  Faddington  station,  which 
is  situated  on  London  Clay  (p.  282),  the  liae  passes  along 
tertiary  strata,  by  Ealing,  Hanwell,  and  Slough,  and  enters 
the  Chalk  near  Maidenhead;  beyond  Wallingford  it  tra- 
verses the  clays  and  limestones  of  the  Oolite,  and  the  cuttings 
in  many  places  exhibit  good  sections  of  these  deposits. 
Near  Bath  it  emerges  on  the  Lias  ;  and,  crossing  a  narrow 
belt  of  Triassic  strata,  passes  on  to  the  Carboniferous  beds 
of  the  Bristol  coal-measures.  In  this  route  there  are  several 
localities  of  considerable  interest,  as  Farringdcn,  Swindon, 
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Chippenham,  Galne,  &g.,  to  which   we  shall  allude  here- 
after* 

10.  SuBDiTiBioir  or  thb  Oolite  ; — Pobtl4KD  OotiTit.t 
— Beds  of  limeetone  having  the  roe-like  atructore  above  de- 
scribed form  a  principal  lithological  feature  of  the  calcareous 
portion  of  the  Oolite ;  but  the  uppermost  deposits  consist  of 
shelly  freestones,  of  variable  structure.  From  the  great  em- 
ployment of  certain  beds  of  this  stone  for  architectural  pur- 
poses, and  the  extensive  quarries  that  have  for  centuries 
been  worked  in  the  Isle  of  Portland,  this  upper  group  ia 
called  the  Portland  stone.  In  the  south  of  England,  as  we 
have  already  had  occasion  to  mention  (p.  397),}  the  Port- 
land beds  are  covered  by  the  Purbeck  (Wealden)  strata,  in- 
cluding in  some  places  layers  of  vegetable  mould  and  petri- 
fied upright  trunks  of  coniferous  trees.  The  bwer  part  of 
this  group  is  composed  of  a  bed  of  sand  {Portland  tand) 
from  60  to  80  feet  thick,  which  gradually  passes  into  the 
.  underlying  clay.  The  fossils  of  the  Portland  beds  are  very 
numeroua ;  large  ammonites,  pleurotomari»,  cerithia,  trigo- 
uiffi,  pectens,  oysters,  Ac.,  and  bones  of  saurians,  with  drift- 
ed coniferous  wood,  are  among  the  prevailing  organic  re- 


*  Sm  Medals  of  Creation,  vol.  ii. ;  Geological  Eicuiuona  to  Clilloa, 
p.  B64 ;  and,  for  the  Kction  eipoaed  by  the  Birniiiighain  «nd  Derby  tine, 
Eicarsioiu  to  Matlock,  p.  867. 

Mr.  Hugh  Hillei  contraats  the  appearance  of  these  ndlwoy-BecUona, 
in  whidi  the  atrata  hSTe  a  low  angle  of  inclination  (ai  usual  with  the 
secondaiy  rocks  of  England),  vith  thcee  of  the  line  froni  Glasgow  to 
Edinburgh.  Therii  cTery  few  hundred  yards  in  the  line  brings  lie  li»- 
veller  to  a  trap-rock,  against  which  the  atrata  are  lilted  at  ereiy  possible 
angle  of  elevation.   See  "  First  Impieeaiana  of  England  and  iu  People." 

f  For  details  nf  Qte  geological  phenomena  exhibited  by  the  beds  below 
the  C!halk  and  above  the  New  Red  Sandstone,  in  the  south-east  of  Eng- 
land, Dr.  Pitton's  elaborate  memoir,  in  the  Qeol.  TraiLS.  second  series, 
vol.  iv.,  should  be  consulted. 

I  SeealsoGeologiraJEioorMonsround  thelBleofWight,&c.  p.  286. 

{  As  a  British  localiiy  exhibiting  the  Portland  strata  and  their  clia- 
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11.  The  Eiuuebidsz  Clat. — This  argillaceouB  deposit 
coDsiete  of  dork-bluisli  and  grey  clay,  whieh  in  some  parts 
passes  into  highly  bituminous  shale,  known  ae  "  Kimme. 
ridge  Coal ; "  the  name  is  derived  from  Kimmeridge  in  Dor- 
setshire, where  some  of  the  layera  are  sufficiently  combusti- 
ble to  be  used  as  fuel.*  This  deposit  isin  some  places  300 
feet  in  thickuess,  but  thins  out  very  considerably  in  the 
northern  counties  of  England.  It  extends  into  France  and 
Switzerland. 

Near  Hartwell,  in  the  vale  of  Aylesbury,  in  Buckingham- 
shire, this  clay  is  largely  developed,  and  abounds  in  organic 
remains  of  great  beauty  and  interest,  especially  Ammonites, 
PleuTotomaries,  Thraciss,  Femie,  &c.  i  the  nacreous  or  pearly 
coat  of  the  shells  of  the  ammonites  is  often  as  perfect  and 
splendid  with  iridescent  colours  as  in  a  polished  shell  of  a 
recent  nautUua.  Many  of  the  shells  of  which  casts  only 
occnr  in  the  Portland  rock  above  are  found  preaerred  entire 
in  the  clay.  A  flat  oyster  of  a  deltoid  form  {Ostrtea  del- 
ioidea)  is  very  abundant,  and  is  characteristic  of  the  Kim- 
meridge clay. 

Bones  of  Ichthyosauri,  Plesiosauri,  and  Cetiosauri  are  oc- 
casionally found,  also  scales,  teeth,  and  other  remains  of 
fishes,  among  which  are  mandibles  of  the  Chimnroids.f 

12.  The  Ozfoed  Oolite,  or  CoKAi.-BA.a. — The  Kim- 
meridge clay  rests  on  beds  of  coralline  limestone,  termed 
Coral-rag,  many  of  which  are  really  petrified  coral-reefs,  and 

tacteristic  fosailB,  Swindon  in  WilUhira  is  one  of  the  most  inlerssting. 
See  Geological  Excuisiona  in  Ihe  Medals  of  Creation,  toI.  ii.  p.  SHi. 

•  See  Eicnrsione  round  the  Isle  of  Wight,  p.  2bb.  This  biluminons 
elude  contsinB,  accoid'mg  to  the  Butdfses  of  some  ctumiata,  25  per  cent, 
more  illuniiiialing  powei  thui  Newcastle,  coal,  when  applied  to  manu- 
facturing purposes.  It  occurs  in  seieral  Isyers,  Tarjing  from  2  to  7  feat 
in  ihicknesa,  intenlratified  with  daik-colouied  auidy  calcarcoiu  beds. 

"t"  The  eiletuiTe  Museum  of  Di.  Lee  of  Hartwell  contains  a  fiue  col- 
lection of  fouils  from  this  neighbourhood ;  and  stiaugen  are  allowed 
free  accam  by  the  learned  and  liberal  propiietor. 

3    K. 
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consist  of  coarse  limestotie,  composed  of  atony  corals,  chiefly 
of  the  MfrceiAs  family,  and  having  the  interstices  filled  up 
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with  ahella,  echinodenas,  sand,  and  pebbles ;  the  whole  is 
more  or  less  consolidated  by  calcareous,  and  in  some  in- 
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Btances  by  silicious,  infiltmfciona.  So  obvious  is  the  origin 
of  tbese  rocks,  that  the  moat  mcanous  obserrer  who  travels 
through  the  districts  vhere  these  deposits  prevail  cannot 
fcil  to  remark  the  blocks  of  coral  which  everywhere  meet 
his  view  in  the  quarries  and  on  the  road-side.  In  many 
parts  of  Wiltshire,  Berkshire,  and  Gloucestershire,  the 
Coral-rag  is  extremely  rich  in  organic  remains ;  corals,  Bfaells, 
and  echinites  occurring  in  almost  every  maaa  of  stone. 
From  the  pits  near  Farringdon  *  hundreds  of  specimens  may' 
be  collected  in  the  conrse  of  a  few  hours ;  and  the  quarries 
near  Calne,  in  Wiltshire,  abound  in  echinites  of  that  beau> 
ti^  apeciee  popularly  called  "  S^irieJ  niyit-eapt "  (Oidori*, 
Lign.  117,  Jig.  3),  which  are  often  surrounded  by  their  spines 
in  SB  perfect  a  state  as  if  they  had  just  sunk  down  into  soft 
sand  or  mud ;  detached  spines  of  these  animals  are  found 
{_Lig».  1\7,  Jig.  5)  in  immense  numbers. t 

Many  species  of  the  bivalves  (»tlled  Trigonim,%  of  which 
only  three  species,  inhabitants  of  the  Australian  seas,  are 
known  living,  occur  in  these  beds  in  great  perfection  and 
abnndance ;  two  species  are  here  ^;ured  (^Lign.  117)  ;  lime- 
Btone-caats  of  these  sheila  are  very  frequent  in  the  Portland 
stone,  and  are  generally  accompanied  with  a  Cerithivm. 

13.  OxFOBD  Clay. — The  Coral-rag  rests  upon  a  bed  of 
clay,  in  many  places  300  feet  thick,  which  is  charactenBcd 

■  Most  of  the  heights  around  Fatringdoa  are  capped  vith  shelly  sand 
■nd  spoDge-grttvel,  referablB  Ut  the  LoireT  Greensnnd.  oyetlying  Coni- 
ng. Slooford  pil,  three  miles  eoiith-eaat  of  Fairitigdon,  contaiua: — 1. 
Uppermost,  Corat-rag,  3)  feet ;  2.  Limestoae,  with  immense  numbers  of 
ihells,  4}  feet;  3.  SaaA,  3  feet;  4.  Clay.  These  beds  abound  in  tcigo- 
ni«,  gerrilliie,  lerebratulie,  ostrBce,  belemnttes,  and  unmonilea  ;  in  a  slab 
of  coarse  sandy  limestone,  four  feet  square,  I  counted  above  fifty  ger- 
villiM  and  many  Irigonie.  Between  Walchfield  and  ShriTenhani  the 
Coral-rag  it  seen  in  opBuings  on  the  Foad-side.  See  Hedats  of  Creation, 
vol.  ii.  p.  S61. 

\  See  Medals  of  Creadon,  toI.  i.  p.  311,  for  a  porticuiai  account  of 
these  fossils.  X  Ibid.  p.  412. 
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by  the  abimdfuice  and  Tarieiy  of  its  organic  remuni.  Some 
localitiee  in  Wiltshire  are  celebrated  for  the  etate  of  perfec- 
tion in  which  many  BpeciBs  of  extinct  Cephalopoda  occur. 
At  ChriHtian  Malford,  near  Chippenham,  the  cuttings  for 
the  Great  Western  lUilway  hrought  to  light  specimens  of 
the  soft  parts  of  the  animals  allied  to  the  Sepiads  or  Cuttle- 
fish, whose  shells  are  so  abundant  in  the  argillaceous  depo- 
sits of  the  Oolite.  The  Selemnoteuikit  (of  Channing 
Pearce),*  aa  extinct  cephalopodous  mollusc  allied  to  the 
Belenmite,t  but  generically  distinct,  has  been  found  with 
its  arms  entire,  and  the  acetabula  or  suckers  and  spines  at- 
tached. In  the  works  for  a  bruich-railwaj  through  Trow- 
bridge, the  Kelloways  rock,  Oxford  clay,  Combrash,  and 
Bradford  clay  were  largely  exposed,  and  yielded  innumer- 
Rble  specimens  of  the  usual  f<wsila,  and  some  species  of 
ammonites  and  other  shells  not  previously  observed.^  The 
members  of  the  upper  part  of  the  oolitic  system  occur 

•  See  L<»idon  Palnontologic&I  Joumnl.  No.  2,  PI.  XV.  XVI.,  for 
beautiful  figures  of  aome  rumitriuble  specimens  of  these  extinct  Cephnlo- 
poda.    Medala,  rol.  iL  p.  447,  and  p.  460.    Phil.  Trace,  1950,  p.  393. 

t  For  a  STstematic  account  of  tbe  Belemniles  end  othci  membera  of 
Um  Cephalopodous  ramily.see  Woodward's  "  Manual  of  the  Motlusca." 

i  Hi.  Reginald  NeTille  Hantell  made  a  large  colleclion  of  the  foaailg 
brought  to  light  by.the  cuttings  and  excaTBtions  in  this  localit;.  It  com- 
piised  lery  large  and  fine  specimens  of  Ammonilea ;  NauUli ;  Belem- 
nites  wiUl  the  pbragmocone  and  traces  of  the  soft  parts  ;  the  carlilagin- 
oos  base  of  (he  B>lemnoleutkii ;  innumerable  small  gasteropodous  shells ; 
Oslrien  deltoideK  ;  GryphwE,  Terebratuln,  Ac. ;  maasea  of  coniferous 
nood  and  lignite;  bones  of  Ichthyosauri,  Plesiosauri,  Teleosanii,  &c. ; 
«nd  a  fev  relics  of  fishes.  The  profusion  of  fossil  sheila  dug  up  in  the 
comparatiTely  small  area  Imrersed  by  the  railway,  some  of  which  were 
inhabitajiCs  of  deep  and  others  of  shallow  watei,  here  and  there  inter- 
mingled with  driil-wood,  attests  the  effects  of  sub-marine  currents  b; 
which  the  remains  of  molluscs  of  such  diflerent  habitats  were  accumu- 
lated and  spread  OTer  this  area  of  the  sea-bottom,  with  the  spoils  of  the 
land  liwiBported  from  a  distance  byiiveis.  Quart.  Jouni.  Goal.  Soc 
YoL-  vi.  p.  315. 
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through  thia  part  of  WUfBhire  in  their  natural  order  of  sue- 
cesBioD ;  as  is  shown  in  the  following  section  (£iy».  118),  in 
which  the  aubdiTiBions  of  the  Chdk  and  OoHte,  from  the 
Upper  OP  flinty  Chalk  down  to  the  Oxford  Clay,  are  aeen  in 
a  nearly  horizontal  and  conformable  position. 


14.  KEitowATS  Book;  aitd  Coshb&ash.  —  A  bed  ot 
Shitty  and  sandy  limestone,  a  few  feet  in  thickness,  and  some- 
tities  ferruginous,  is  intercalated  with  the  lower  portion  of 
the  Oxford  C^y  in  the  South  of  Engluid  and  in  Yorkshire, 
and  is  remarkable  for  the  abundance  of  mblluBcan  remaina 
which  it  contiuns.  It  is  called  the  Eelloways  rock ;  hence 
a  '■ommon  species  of  ammonite  in  this  deposit  is  named 
^.  CallovientU. 

Comhra»li. — Under  the  Oxford  Clay  a  hard  rubhly  lime- 
stooe,  from  ten  to  twelve  feet  thick,  sometimes  passing  into 
clay  and  sandstone,  is  generally  met  with,  which,  like  the 
Kelloways  rock,  swarais  with  many  species  and  genera  of 
marine  shells,  associated  with  other  fossils.  This  bed  is  pro- 
vincially  termed  Combrash.  Subjoined  are  figures  of  a  few 
Combrash  shells  from  the  neighbourhood  of  Scarborough  in 
Torkahire,  which  were  first  described  by  Mr.  Bean,* 
•  9ea  Mag.  Nal.  But.  1839,  vol.  ui.  p.  57. 
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la  the  South-wert  of  Ihigl&nd,  the  Conibrasb,  which  ia 
persistent  as  a  peculiw  shelly  deposit  from  the  South  to 
the  Xorth  of  England,  is  succeeded  downwards  hy,  1st,  the 


Hinton  Sands  and  Forest  Marble,  together  about  100  feet 
in  thickness;  2od,  by  the  Bradford  Clay,  about  50  feet 
thick ;  3rd,  the  Great  or  Bath  Oolite,  varying  from  40  to 
120  feet  in  tbicknesB;  4th,  the  Fuller's  Earth,  a  series  of 
marly  and  calcareous  beds,  of  very  variable  thickness,  some- 
times' 130  feet  thick  ;  and  lastly  by  the  Inferior  Oolite,  a 
group  of  calcareous  and  sandy  beds,  often  ferruginous,  and 
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Bometimea  upwards  of  200  feet  thick.  The  Inferior  Oolite 
extends  into  the  Midland  counties  and  Yorkshiiv,  althougii 
very  reduced  in  thickneBS ;  but  the  other  members  of  the 
Lower  Oolite  beneath  the  Oombrash  are  variooBly  repre- 
sented in  the  Midland  and  North-eastern  dietricts,  and  in 
the  North  British  area  represented  by  the  Oolites  of  Skye 
and  Brora.  Instead  of  marine  calcareous,  deposits  being  the 
predominant  feature,  sandy  and  clayey  deposits  form  the 
mats  of  the  beds ;  and  land-animals,  such  as  insects,  the  Me- 
galosaurus,  and  a  few  mammals,  are  found  in  them,  whilst 
remMua  of  land-pluits  occur  occasionally  in  great  profusion. 
In  these  circumstances  we  have  indications  that  the  Lower 
OoLtic  rocks  of  Southern  England  were  formed  in  a  com- 
paratively deep  sea  (though  not  of  so  uniform  a  depth  as 
that  of  the  preceding  Middle  and  Upper  Oolite  periods),  aad 
that  the  coast-line  of  the  then  existing  land  lay  probably  at 
no  great  distance  to  the  north>west  of  our  Midland  Oolitic 
area.* 

The  Sbrest  Marble  and  Bradford  OZay.—The  fissile  sandy 
oolitic  belt,  or  tileatones,  of  the  Forest  Marble,  have  afford- 
ed remarkably  fine  specimens  of  ripple-markings  and  tracks 
of  shell-fish  and  crustaceans ;  and  have  evidently  originated 
as  local  shallow-water  deposits,  full  of  broken  shells.  The 
more  compact  shell-beds  form  the  blue  limestones,  or  forest 
marble  of  "Wiltahire.  A  series  of  clay-beds  and  thin  lime- 
stones succeed,  but  are  sometimes  merged  into  the  Forest 

■  The  student  is  referred  to  Mr.  Moni«'e  lucid  comparison  of  the 
Oolilic  rocks  of  Gtouceatcrstiire,  Lincaluaiiire,  and  Yorkshire,  in  the 
Quart.  Geol.  Joum.  vol.  ii.  p.  317,  for  detailed  descriptions  and  much 
valuable  iurormation  pn  this  subject. 

The  admirable  memoir  by  Mr.  Lonsdale  on  the  Geology  of  the  counlry 
aroond  Bath  ahould  be  consulted  by  those  desirous  of  more  ample  ID- 
formation  on  the  Oolite  of  that  part  of  England;  Geol.  Trans.  2nd 
ser.  vol.  iii.  p.  242,— and  Profcsaor  Phillips's  Geology  of  Yorkshire,  for 
a  full  accDODt  of  Ihe  Oolite  aystem  of  ihe  eastern  mooilands  of  that 
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Mftrble  above,  or  the  Fuller's  Earth  beds  below.  These 
clays  are  remarkable  in  the  neighbourhood  of  Bradford,  in 
Wilts,  for  the  remains  of  a  particular  species  of  criooid, 
called  the  Pear-onorinita  of  Bradford*  {Apioerimu;  Me- 
dalt,  p.  288),  which  in  some  places  occur  under  cijrcum- 
staocea  apparently  indicating  that  the  animals  still  occupy 
the  spots  where  they  grew.  The  clay  is  spread  over  the 
surface  of  a  stratum  of  limestone,  uid  many  of  the  stems  of 
these  Stone-lilies  are  upright,  with  their  niot-like  hasei  at- 
tached to  the  calcareous  rock;  and  numerous  articulations, 
once  composing  the  stems,  arms,  and  body  of  the  umialB, 
are  scattered  at  nmdom  through  the  clay.f 

15.  Thb  CoTTESwom  Hills. — As  the  elevated  tra«t  of 
country  called  the  Cotteawold  Hills,  which  extends  for 
thirty  miles  through  the  county  of  Gloucester,  in.  a  X.E, 
and  S.W.  direction,  having  an  average  breadth  of  tei  or 
twelve  miles,  exhibits  the  principal  characters  of  the  jursssic 
series  of  the  South-west  of  England,  the  following  brief  de- 
ecriptiou  of  this  interesting  and  typical  tract  will  be  highly 
useAil  to  the  student.^ 

The  aurfsce  of  this  dutcict  hoa  a  general  incliaatioii  to  the  S.E.,  its 
enstern  boraen  having  an  elsTation  of  about  400  to  500  feet  above  the 
lea;  whilst  the  western  ranges  from  GOO  to  BOO  feet,  and  the  oulminat- 
ing  point,  Cleeve  CInud,  Is  1134  feet  high. 

The  branch  of  the  Great  Western  Rulwa;  from  Swindon  to  (itouces- 


•  Piclorisl  Atlaa,  pi.  1.  f  Manual  of  Geology,  51h  Edit.  p.  307. 

i  This  account  of  the  physical  geography  and  sliurture  of  the  Cottea- 
woldswascommunicatedto  the  author  by  Professor  Woodward,  formerly 
oflheAgriculliiral  College,  Ciceneester,  now  ofthe  British  Museun.  Tho 
student  should  also  avail  himself  of  Mr.  Hull's  pnper  on  the  Cottes- 
wolds,  in  the  Geol.  Soc.  Joum.  vol.  xf.  p.  477 ;  and  his  "  Memoir  on 
the  Geology  of  the  country  around  Cheltenhim,"  in  tSe  Memoirs  o[ 
the  Gpolngical  Survey,  lB.i7,  illuatialive  of  the  Sheet  44  of  the  Geologimil 
Survey  Map. 
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let  passes  through  th«  centre  of  the  diatiict,  and  affords  a  Icej  to  ita  geo- 

Theae  hilla  are  entirely  composed  of  tvo  Beriaa  of  oolitic  limestonefi, 
separsted  by  a  bed  of  clsj  know^  to  geologists  as  the  "  Fuller's  Eartb," 
The  strata  nre  inclined  to  the  S.B.,  at  the  lale  of  about  I  in  130,  or  Iria 
than  half  a  degree  i  yet  this  inclination  is  greater  than  that  of  the  general 
surface,  ami  sufficient  to  carry  the  hill-alrala  beneath  the  newer  forma- 
tiona  on  the  S.B.,  ;  whilst  on  the  oorth-weslem  boondary  they  termi- 
nate in  steep  eacarpments,  that  are  broken  and  indented  by  numerous 
deep  and  picturesque  valleya. 

In  order  to  obtain  a  general  idea  of  the  natnre  and  succession  of  the 
strata  of  the  whole  district,  we  may  conveniently  pnrsne  the  uell-known 
Boman  road  termed  the  "Irmin  Wag,"  which,  coming  from  Newbnry 
through  the  Wanborotigh  downs,  tuns  almost  in  a  straight  line  to  Crick- 
lade,  Cirencester,  Birdlip,  and  Gloucester,  and  traverses  io  succession 
the  whole  of  the  oolitic  strata,  in  the  following  order : — 

1.  Portland  stone.  2.  Kimmeridge  clay.  3.  Coral-rag.  4.  Oxford 
clay  and  Keltoways  rock,  b.  Great  Oolite :  subdivided  into  Com- 
brash,  Forest  marble,  Bradford  clay,  Bath  freestone,  Stoncsfield 
alale.     6.  Foller's  earth.     7.  Inferior  Oolite.     8.  Lias. 

1.  The  Portland  ttont  is  extensively  quarried  near  Swindon  Old 
Town:  2.  The  Kimmeridga  day  forms  the  valley  in  which  the  Swindon 
station  and  the  New  Town  are  sitoated ;  3.  The  Coral-rag  rises  up  from 
beneath  the  clay,  and  constitutes  the  hilis  abont  Slratton,  Saint  Marga- 
ret's, Pen  Hill,  and  Blunsdon  :  4.  The  Oxford  ciay  occupies  the  whols 
of  Braydon  Forest,  and  the  wide  lalley  around  Cricklade,  but  is  covered 
in  many  places  by  thick  beds  of  oolitic  gravel. 

5.  AC  Driffield  Cross-ways  the  Cornbrath  is  seen  in  the  nnHll  quarries 
from  which  the  road-atone  is  procured  ;  and  in  descending  the  hill 
towards  (^tencester  we  pua  to  the  Forat  mariU,  a  thin-bedded  stone, 
well  shown  in  the  qtiarries  at  Preston,  from  which  much  of  the  roofing- 
stone  and  planking,  so  extensively  used  in  the  neighbourhood,  is  obtained. 
A  bed  of  clay  ia  usually  found  separating  the  Forest  marble  from  the 
Bath  freestone,  and  ia  therefore  the  equivalent  of  the  Bradford  elay 
Beyond  Stratton  the  road  lies  over  the  Bath  freeatone  (or  "  Hampton  . 
tton*")  as  far  as  High  gate,  where  aeveral  deep  valleys  expose  the  Stones- 
Jitld  slait,  FuUer'M  tarth,  and  Inferior  (Mile. 

The  quarries  near  Birdlip  alao  exhibit  the  Inferior  Oolite,  and  the  re- 
mainder of  the  road  to  Gloucester  rests  upon  the  Ltoi. 

If  BO  Arlenan  well  were  sunk  at  Swindon  New  Town,  it  would  pro- 
bably pass  throng  the  above-mentioned  strata,  from  the  Kimmeridge 
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eUy  to  the  LUs,  in  the  aame  order  in  which  thej  us  pued  OTer  by 
the  Itmin  Way,  rMCbiiig  the  Boirue  of  the  Liu  u  *  depth  of  about 

1000  ie«t. 

16.  The  G-bka.t  Oolitb  and  SiomsriEtD  SiiA.ra. — The 
Great  Oolite  of  the  WeBt«m  Comttiea  is  b  calcareous  aeries, 
in  which  the  well-known  Bath  Oolite  is  imbedded.  Ab  we 
trace  this  series  towards  the  norih-east,  it  becooies  much 
modified,  and  the  lower  beds  appear  to  pass  into  the  cele- 
brated Stonesfield  Slate  *  (or  tile-stone). 

Stonesfield,  a  small  village  new  Woodstock,  about  twelve 
miles  north-west  of  Oxford,  has  long  been  celebrated  for 
the  fossils  imbedded  in  its  thin-hedded  limestone  ;  t  bones 
and  teeth  of  large  reptiles  and  of  fishes,  and  other  remains 
from  this  locality,  were  described  and  figured  by  Lhwyd, 
more  than  a  century  ago.^ 

Dr.  Bucklaud's  memoir  on  the  great  fossil  reptile  of 
Stonesfield,  the  Megalo8attrus,§  where  he  at  the  same  time 
mentioned  the  discovery  of  mammalian  jaws  in  the  same 
deposits,  drew  special  attention  to  this  interesting  locality. 

Ttie  Stonesfield  strata  h»e  been  aaceitaiaed,  by  Mr.  Lonsdale,  to  be- 
long to  Ihe  lower  divisioD  of  the  Great  Oolite;  from  Dr.  Fitton's  de- 
BcriptLon  ]|  of  the  circumstancea  under  vbich  they  occur,  ve  learn  that 
in  crossing  the  country  from  Oxford  to  Stosesfield,  the  Oxford  clay  wiih 
its  characteristic  fossils  is  first  obserred  ;  thia  is  succeeded  by  the  Cora- 
brash— the  uppermost  stratum  of  the  Great  Oolite  group,  which  is  seen 
beneath  the  clay  in  several  quarries  on  the  sides  of  the  road  to  Wood- 
stock and  BlenlKim The  Tillage  of  Stonesfield  is  situated  on  the 

brow  of  B  valley,  both  sides  of  which  are  deeply  eicanted  by  (he  shaAa 

■  Phillips's  Manual  of  Geology,  p.  303. 

t  Commonly  called  Slonujkld  ilaie.  As  the  term  "  slate  "  is  techni- 
cally applied  to  the  old  metamorphic  clay-tlattt  only,  it  ia  misapplied  to 
the  laminated  rock  of  SloneaSeld,  which  is  fissile  by  its  stnUiAcatimi, 
not  by  "cloaTage." 

%  Lithophylacii  Britannici  IchnographLa. 

j  Geological  Transactions,  second  seriei,  vol.  L  p.  390. 

H  Zoological  Joumtl,  vol.  ill-  p.  4IG. 
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•Qd  gallerLastlKt  haTo  been  constnicled  for  tliBexlraotioii  of  the  "slute." 
The  beds  that  supply  (be  alone  are  at  a  depth  of  about  fifty  feet  below 
the  summit,  and  aie  worked  bj  ahafla.  The  Gpper  twenty-Gre  feet  con- 
sist of  clays  alternating  with  calcareous  stone ;  the  lower  of  flne-gtiiined 
oolitic  limestone,  with  nnmeroua  casts  of  shells.  From  the  bottom  of 
the  shall,  driiU  or  horizontal  eicaTationa  are  made  aroutid,  extending  aa 
far  as  Bsfety  will  permit ;  the  beds  abore  being  supported  by  piles  of  lh« 
less  valuable  materials.  The  strata  thuH  wotki^d  do  not  exceed  six  feet 
in  thickness ;  they  consist  of  sandy  beds  imbedding  large  catcareoua  cun- 
cretions,  which,  by  exposure  to  the  ftost,  admit  of  gepaiation  into  thin 

KsBile  calcareous  concretionB,-HiiDilar  to  those  of  Stones- 
field,  occur  also  at  Wittering  and  Coll^eston,  associated 
with  sandy  beda  and  oolite  HmestoDes,  and  contain  ferns  and 
other  terreetrial  plants,  together  'with  marine  shells. 

17.  Ohoahio  Kemalks  ot  the  Stovebfielii  Slate. — 
The  majority  of  the  fossils  of  Stonesfield,  although  of  so 
highly  interesting  a  character,  have  hitherto  been  very  im- 
perfectly investigated.  The  vegetable  remains  consist  of 
Aicoidal  plants,  and  of  palms,  arborescent  feme,  and  plants 
allied  to  the  Zamia  and  Cycas,  with  seed-vessels,  leaves,  and 
stems  of  conifene,  and  traces  of  reed-like  plants.  The  shells 
are  Jurassic  in  their  character;  and  one  small  bivalve  (2H- 
ffotiia  impreiga)  is  extremely  abundant.  The  bones  and 
teeth  of  the  gigantic  terrestrial  reptile  related  to  the  Moni- 
tor, the  Megalogattrut,  mentioned  above  as  occurring  in  the 
Wealden  (vol.  i.  p.  435),  bones  of  Pterodactyles  or  flying 
lizards,  bones  and  plates  of  Turtles,  and  other  osseous  re- 
mains, apparently  of  sauriane,  present  a  striking  general 
correspondence  with  the  fossils  of  the  Wealden.  The  eh/fra 
or  wing-cases  of  beetles,  and  other  relics  of  insects,  are  of 
frequent  occurrence.  The  teeth,  scales,  fin-bones,  and  rays 
of  fishes  belong  fqr  the  most  part  to  the  same  genera  ani 
species  as  those  contained  in  other  Jurassic  strata  ;  teeth  of 
Lijtidotua  and  Hybodut  are  frequently  met  with;"   but 

*  See  Bncklsnd'i  Bridgwater  Treatise  for  flgarea  of  several  foauU 
from  SlonesBeld. 
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by  for  tUa  most  interesting  fossila  are  the  mammalian  re- 

18.  FosaiL  MuofAiiU.  or  8T0in[BFiEi.D.* — The  lamin- 
ated oolitic  limestones  of  Stoneafietd  have  yielded  some  of 
the  most  precious  relics  of  the  past  ages  of  our  globe — most 


of  the  known  vestiges  of  mammalian  animals}  in  the  se- 
condary formations,  in  other  words,  in  deposits  of  an  age 

■  S«e  Fiof.  Owen's  Memoir  is  the  Geol.  Tnog.  2  ser.  Tol.  li.  p.  147  ; 
Medals  of  CieaCion,  vol.  ij.  p.  605  ;  Petrifactions,  p.  40t . 

t  The  oripnftl  is  in  (he  British  Museum  ;  it  U  in  an  admirable  state  of 
preserration  ;  and  Ibe  piece  of  rock  in  which  it  is  imbedded  haa  nuiiier> 
ous  casla  of  the  TW^oru  iiiyrrena,  which  occni  in  sncb  pToTnsioQ  in  the 
Stonesfleld  tileatone. 

X  Emmona's  DnmjUheritim,  Tram  the  Chatham  Conl-fleld  of  Norlli 
Carolina,  and  Plieninger'a  MieroUtlet,  from  the  Wirtemberg  Bone-bed, 
ue  Mammalia  of  alill  more  ancient  dale. 
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long  antecedent  to  the  mammaliferouB  eocene  epoch : — a  fact 
of  the  higfaeat  interest  to  the  geologist,  since  it  carrieB  back 
the  existence  of  the  higher  vertebrated  animalB  to  a  period 
of  unfathomable  antiquity. 

The  mammalian  remains  hitherto  discoTered  comprise, 
firstly,  a  portion  of  lower  jsw,  with  teeth,  of  a  small  pachy- 
dermatous animal  (the  Stereognathui),*  nearly  related  to 
some  of  the  Eocene  mammals,  such  as  the  Syracolkerivm 
and  I'liolophu* ;  t  &nd,  secondly,  at  least  seven  specimens 
of  portions  of  lower  jaws,  with  teeth,  belonging  to  very  sm^ 
animals,  and  referable  to  two  genera.  One  of  these  is  allied 
to  the  Wombat  {Phateolomyt),  '&  marsupial  animal  of  New 
South  Wales ;  proving  that  the  remarkable  character  cf 
the  mammalian  taiina  of  Australia  also  prevailed  in  a  very 
remote  period,  and  that  it  is  not,  aa  some  have  inferred,  a 
new  order  of  things.  The  other  waa  a  small  insectivorous 
mammal  {Amphitheriwii),  having  thirty-two  teeth  in  the 
lower  jaw;  its  marsupial  affinitiea  are  doubtful. { 

19.   COKPABIBON   OP   THE  -STOHBBriBLn    Airi>   WBALDBlf 

Fossils. — We  have  seen  that  the  zoological  characters  of 
the  Oolite  and  Lias  an  decidedly  marine,  with  intercalations 
of  materials  brought  down  by  rivers  into  the  sea,  and  trans- 
ported by  currents  to  a  more  or  less  distant  part  of  the 
oceanic  baain.  Unlike  the  organic  remains  of  the  Wealden, 
the  terrestrtal  and  fresh-water  productions  are  mingled  with 
marine  plants,  sheUs,  and  fishes.  Thus,  while  the  Chalk 
consists  of  the  bed  of  a  deep  sea  with  scarcely  any  inter- 
mixture either  of  land  or  fresh-water  debris,  and  the  Wealden 
of  a  delta  in  which  but  few  murine  exuviffi  are  imbedded,  the 
Lower  Oolitic  series  presents  an  intermediate  character,  of 
which  the  Stonesfield  strata  afford  a  highly  interesting  ex- 

*  Quart.  Joum.  Geol.  Sac.  toI.  ziii.  p.  1. 

t  Describad  by  Prof.  Owen  in  Geol.  Proceed,  for  Ma;  20,  1857. 

J  Id  Prof.  Owen's  "British  Fossil  MaoimtlB,"  are  exquisite  flgarei 
uid  to  elsboTste  philoaopMcal  notice  of  the  mammalian  remains  disco* 
Tered  in  the  "  Stonesfield  ilate."  See  alco  Lycll's  Manual,  p.  312. 
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ample.  The  reader  cannot  &il  to  mark  the  general  oorre- 
Bpondence  thatextste  between  the  organic  Temaios  imbedded 
in  these  fluTio-marine  dapbaita  of  the  Oolite  aad  those  of  the 
Wealden :  *  the  following  tabular  view  will  render  thia  ana- 
logy more  obriou^— 

Wealdm  and  PurbtiX  Strata.  SlonetJleU  and  CnUytBnlon  SUilf. 
Drided  conifeioiu  wood  and  lig-     Drifted  conifsroai  wood. 

EqaUeta.  Facoidal  pluita. 

Feng :   Sphenopterii,  Lonchople-  Fenu ;  Splieiiopteris,  Tieniopleris, 

lis,  Ac.  &c. 

Cj'cadaccK.  Cjcidscen. 

Carpolithes,     and      undetermined  Carpolithea,     ind      mideteniiuied 

■eed-TsenlB.  Beed-Teggels. 

Fieah-walw  sheila  :  Faludina,  Cv-  Maiine  shells  —  Pteroceru,   Tri- 

clas,  Unio,  Ac.  Konia,  Ac 

Pieshwater  CnuMceaos :  Cypride.  Muine  CruBtaceins ;  Astacide,  ftc. 

Insects:  numerous  genera.  Insects:  seTeral genera. 

Fishes  of  the  senera  Hybodus,  Le-  Fishes  of  the  genera  Hybodua,  Le- 

pidotus.  Ac.  pidotuB,  Strophodus,  &c. 

Marine    and  Fresh-water    Chelo-  Marine  Chelonians. 

Reptiles :    marint  —  Plesiosauros     Plesiosanms  and  Cetiosaunis. 

and  Cetiosaiiriis. 
tttrmtrial—  Megsloaauriis,     Megalosannis. 

HjrlKosanrus,  Iguaaodun,  &c. 
ftwodiKon— Goniophilis,   Ftecilo-    Teleosauras. 

pleUTDD,  Ac. 

Plerodactylea,  Pterodactylea. 

Birds  P  Birds  F 

Mammjilu  :  several  genera  (Pur-  Mahhaua  :  three  genera, 
beck). 

From  this  table  we  perceive  at  a  glance,  that  the  fauna 
and  flora  of  the  dry  land  during  the  d^>osition  of  the 
Stoneafield  oolite  and  the  Wealdeu-strata  were  essentially 
the  same ;  while  the  difference  in  the  mollueca  points  out 
the  reapective  conditions  under  which  the  depoaite  took 

■  See  also  Fossils  of  the  South  Downs,  Ac.  1822,  p.  37  and  Ij?. 
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place :  and  the  same  may  be  said  more  or  less  exactly  on 
comparieoQ  of  the  estuariae  juraasic  beds  of  Skye  and  Brora, 
and  of  Torkshire,  with  the  Wealden  series.  The  fresh- 
w^ater  sheila  of  the  Wealden  indicate  the  bed  either  of  a 
delta  or  a  great  lagoon ;  the  marine  shells  of  the  Stonesfield 
strata,  the  haain  of  a  deep  sea.  Nor  can  we  resist  the  con- 
Tiction  that  not  only  did  the  same  terrestrial  area,  however 
modified  it  must  have  been  during  the  long  anccession  of 
ages,  supply  the  debris  of  an  almost  unchanged  system  of 
animal  and  vegetable  life  to  the  Jurassic  seas  at  first,  and 
snbaequently  to  the  cxetaceoua  ocean,  but  that  also  the 
fauna  and  flora  of  thia  ancient  land  of  the  secondary  epoch 
had  many  important  features  which  now  characterize  Aus- 
tralasia. The  Stonesfield  marsupials  and  the  Purbeck  £la- 
ffiaulax  are  allied  to  genera  now  restricted  to  New  South 
Wales  and  Van  Diemen's  Land ;  and  it  is  a  moat  interesting 
fiict,  as  Frofeasor  Phillips  was  the  first  to  remark,  that  the 
organic  remains  with  which  these  relics  are  associated  also  cor- 
respond with  the  existing  forms  of  the  Australian  continent 
and  neighbouring  seas  ;  for  it  is  in  those  distant  latitudes 
that  the  waters  are  inhabited  by  Cestracions,.TrigonitB,  and 
Terebratulie ;  and  that  the  dry  land  is  clothed  with  Arauca- 
rite.  Tree-ferns,  and  Cycadeous  plants. 

20.  LiTHOSKAPHio  STONE  OF  Oekmant. — The  quarries 
in  Germany  which  yield  the  fine-grained  fissile  calcareous 
stone  BO  much  employed  in  lithography,  and  belonging  to  the 
,  upper  portion  of  the  Jurassic  series,  afibrd  also  a  rich  assem* 
blage  of  organic  remains,  of  the  highest  interest.  This  de- 
posit is  found  in  that  prolongation  of  the  chain  of  the  Jura 
which,  after  the  fall  of  the  Rhine  at  Schaffhausen,  passes 
into  Germany  along  the  borders  of  the  Maine  and  near  to 
Cobout^.  The  quarries  are  situated  on  the  sides  of  the  val- 
ley of  the  Altmuh!,  a  tributary  of  the  Danube,  that  extends 
by  Pappenheim  and  Aichsted.  This  valley  presents  a'pre- 
cipitons  escarpment,  which  is  composed  of,  1.  (the  upper- 


.Google 


"^  THl  WONpSRS  OP  0 

most  part),  fissile  calcareous  rock,  containing  in  abundance 
fialies,  crustaceana,  ecbinoderme,  and  reptiles,  with  a  few  amall 
ammonites  and  bivalve  eheUs ; — 2.  a  magneeian  limestone ; 


8.  limestone  of  a  greyish-white  colour,  abounding  in  ammo- 
nites ;  and  i.  brown  or  grej  sandstone,  of  a  fine  grain,  con- 
stituting the  base  of  the  hills  of  the  district.*  The  most 
celebrated  quarry  of  the  laminated  limestone  is  that  of  8o- 
lenhofen,  near  Pappenheim.  The  cream-coloured  limestone 
of  this  quany  has  long  been  known  to  contain  organic  re- 
mains of  great  beauty  and  interest.  Crustaceans  allied  to 
the  Lobster,  Shrimp,  &c.  are  often  met  with,  and  many  spe- 
cimens are  figured  by  authors.  Knorr's  "Monumem  det 
Cattutrophet  que  le  Qlobe  tetretfre  a  euvie  "  contains  nu- 
merous coloured  representations  of  these  fossils.  The 
Prawn-like  crustacean  here  figured  (Ztyn.  121)  shows  the 
extraordinary  state  of  preservation  of  these  remains.  Cro- 
*  For  the  relative  age  of  these  Jurasaic  rocki  of  Baiui*,  «ee  Fnias'a 
lli'moir,  Gcol.  Soc.  Juurn.  vol.  vu.  part  2,  p.  74. 
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codiliu),  Pterodactylian,  Chelonian,  uid  other  reptiles,  up- 
wards of  sixty  Bpecies  of  fish,  forty-six  of  cmatnceatis,  and 
twenty-six  of  insects,  hare  been  collected  in  the  Solenhofen 
beds  by  Count  Miinster.*  There  are  but  few  sheila  and 
plants,  and  these  are  marine. 

Sir  H.  De  la  Beche  has  remarked,  that  the  fact  of  the 
greatest  number  of  fossil  Insects  yet  noticed  in  the  Oolite 
having  been  found  where  the  remains  of  the  Pterodactyles 
principally  occur  seems  to  establish  a  connexion  between 
these  creatures,  not  merely  accidental ;  and  that  it  is  pro- 
bable the  whole  of  the  deposits  of  this  local  group  of  the 
Jura-limestone  (and  those  also  of  Stonesfield)  may  have 
been  effected  on  a  coast  where  the  water  was  not  deep,  and 
on  the  shores  of  which  the  flying  reptiles  chased  their  insect- 
prey. t  The  association  of  insectivorous  mammals  and  rep- 
tiles with  innumerable  relics  of  insects  in  the  Purbeck  beds 
of  Dorset  is  of  equal  interest. J 

21.    COAL-BEABING  SlBATA  OF  THB  OoIITB. — We  Doticed 

the  occurrence  in  the  tertiary  system  of  Provence  of  beds 
of  coal  with  limestone  containing  fresh-water  shells  and 
crustaceans  (vol.  i.  p.  264)  ;  and  in  the  lacustrine  deposits 
of  the  Bhine,  accumulations  of  brown-coal  and  lignite 
(p.  283).  IntheWealdenoftheSouth^ast  of  England,  lig- 
nite and  thin  seams  of  coal  are  associated  with  shale  and 
laminated  sandstones,  ao  much  resembling  the  ancient  carbo- 
niieroua  beds  as  to  have  led  to  an  expensive  and  abortive 
search  for  coal ;  while  in  the  north  of  Germany  the  Wealden 
contains  a  rich  coal-field  of  considerable  extent.  The  fiuvio- 
marine  strata  of  Stonesfield,  though  teeming  with  vestiges 

•  See    Miinater'i    BeiltilgB    i 
for  descripiio] 
depoiiu. 

t  A  besatiful  fotail  Dngon-fly  fram  Solenhofen  is  Qgured  in  MwIaIi 
of  Creation,  vol.  ii.  p.  55) . 

J  See  Prof.  Owea'a  remarks,  Journ.  Geol.  3oc.  vol.  z.  -p.  432. 
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of  land-plants,  encloae  no  considerable  mosses  of  vegetable 
matter;  but  in  the  extension  of  these  lower  beds  of  the 
Oolite  northward,  indications  of  lignite  and  carbonized 
plants  become  more  abundant ;  and  along  some  parts  of  the 
Torkfihire  coast  seams  of  coal  and  numerous  fossil  veget- 
ables occur ;  proving  that  the  currentB  of  fresh  water  which 
flowed  into  that  part  of  the  juraaeic  tea  were  occasionally 
loaded  with  trees  and  terreetrial  plants,  transported  from 
the  lands  inhabited  hf  the  Megalosaur,  Pterodactjlea,  and 
small  MammaJiane,  the  remains  of  which  are  found  at 
Stonesfield.  On  the  eastern  and  the  western  shores  of  Scot- 
land, strata  of  a  similar  character  lae  exposed. 

Professor  Phillips  has  described  the  coal-bearing  beds  of 
the  Yorkshire  Oolite,*  and  Sir  R.  Murchison  those  of 
Sutberlandsbire ;  t  the  tabular  arrangement  at  p.  491  shows 
the  succession  of  the  deposits  in  these  two  localities. 

In  Yorkshire  the  lower  Oolite  is  represented  by,  1.  a  thin 
Combrash  limestone ;  2.  a  thick  mass  of  sandstones  and 
shales  abounding  in  coaly  matter ;  and  3.  ferruginous  sandy 
beds,  overlying  the  Lias.  The  carbonaceous  matter  takes 
the  form  of  seams  of  coal,  which,  though  thin,  are,  from  local 
circumstances,  of  considerable  value.  These  strata  assume 
the  appearance  of  a  true  coal-field,  with  subordinate  beds  of 
coarse  shelly  limestone.  Indeed,  Prof.  PhiUips  has  remark- 
ed that  in  the  Lower  Oolitic  series  of  Yorkshire  there  are 
five  plant-bearing  bands  of  sandstone  and  shales  (occasion- 
ally yielding  coal  in  three  zones),  four  catcaroous  bands,  and 
several  layers  of  ironstone.  Here,  observes  Professor  Phil- 
lips, we  have  truly  a  coal-field  of  the  Oolitic  era,  produced 
by  the  intercalation  of  vast  quantities  of  sedimentary  detri- 
tus loaded  with  vegetable  matter,  brought  down  by  floods 

*  Encjclopffidia  Metropotilana,  arL  Geototm;  Huiiul  of  Geolog;f; 
and  tJie  Geology  o!  Yorkshire,  by  the  sime  emineiil;  phikiopher.  See 
also  Geol.  Proceed,  for  June,  1857. 

t  Geol.  Traosact.  2nd  aeriea,  toI.  ii.  p.  293  and  353. 
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fi«in  the  land,  between  the  more  ezclusiveLy  marine  strat« 
of  the  ordiiuuy  Oolitic  type.  The  foseit  plants  which  accom- 
pany the  coaly  Bandstonea  occur  also 
in  the  ealcareous  beds,  both  on  the 
TorkBbire  coast  and  at  Brandsby.  No 
marine  ezuviie  have  yet  been  fonnd  in 
the  coal-grits  or  shales.  Along  the 
coast  under  Qriathorp  cli%,  a  seam 
of  shale,  but  a  few  inches  in  thickness, 
may  be  traced  for  miles;  and,  from 
its  abounding  in  leaves  of  ferns  and 
equisetaceous  and  cycadaceous  plants, 
it  is  chiselled  out  by  collectors  to  ob- 
tain specimens ;  for  tbe  beauty  and 
variety  of  these  foesHs  render  them 
objects  of  great  interest.  Detached 
leaves  (X^.  122)  in  a  carbonized 
state  are  very  abundant,  and  their 
venation  is  generally  well  preserved. 
Profeasor  Phillips  has  figured  several 
kinds  in  his  "  Geology  of  Yorkshire : " 
and  numerous  species  are  described 
>  in  lindley  and  Hutton's  "British 
Jt.  ToBsil  Flora."  •  The  fruits  of  Zamia- 
like  plants  also  occur,  and  many  splen- 
did examples  are  preserved  in  tbe  British  Museum  t  and 
other  collections.  This  specimen  {Ltgn.  123)  shows  the 
usual  appearance  of  these  fossil  fruits ;  it  is  imbedded  in 
dark  ironstone-shale,  and  the  leaves  and  their  imprints  are 
covered  with  a  white  hydrate  of  alumina.  Some  of  the  fossils 
that  have  been  described  as  flowers  are  conjectured  to  bo 
bodies  of  this  kind,  broken  transversely,  in  which  state  tbe 


•  Bee  alao  Qnsrt.  Geol.  Jon 
tirai,  vol.  i.  p.  152. 
t  Petri&cdons.  p.  5&. 


ii.  p.  179  i  u>d  Medila  of  Crea- 
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tcaiea  may  be  mistaken  for  petals,  and  the  fractured  axia  for 

the  etamen  and  pistillum. 


22.  CoitTWESTON  TiiEBTOKBB. — Near  Stwnford,  in  Lin- 
colnshire, the  lowermost  visible  strata  are  Lias-claj^,  upon 
which  are  spread  the  ferruginous  beds  of  the  Inferior  Oolite ; 
and  above  are  beda  of  laminated  calcareous  stone,  locally 
termed  the  "  Collyweston  slates,"  from  being  quarried  in 
that  neighbourhood.*    These  deposits,  therefore,  appear  to 

*  See  QaarL  Journ.  Ocol.  Sac.  vol.  ii.  p.  335. 
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o<:cupy  the  same  geological  poeitioD  aa  the  Stoueafield  tile- 
atone  of  Oxfordshire  and  of  the  Cotteewold  hilla,  and  con- 
tain similar  marine  sbells.  The;  are  saaociated  with  marly 
limestone.  The  fossils  are  ahellB  of  the  genera  Pleroeertu, 
NerimBa,  Lueina,  ModMa,  Trigonut,  £c.,  with  numeroiiB  frflg- 
ment«  of  the  leaves  of  ferns  (especially  of  PeeopterU  polypo- 
dioidei),  and  of  cycadsceoue  plants.  These  beds  have  been 
regarded  by  Captain  Ibbetson  and  Mr.  Morris  aa  the  equi- 
valents of  the  carbonaceous  shales  of  Scarborough  and  Gris- 
thorp  Bay  ;  in  fact,  as  the  seaward  extension  of  those  fluvio- 
marine  strata.  Those  of  Stonesfield  appear  to  have  been 
synchronous,  but  deposited  still  farther  from  land. 

23.  CoAL-BEAsmo  Oolite  of  Bbora. — Carbonaceous  flu- 
vio-marine  deposits  of  a  similar  character  to,  and  of  the  same 
Iiower  Oolite  age  as,  those  above  described  occur  in  the 
north  of  Scotland.*  At  Brora,  on  the  south-east  coast  of 
Sutherlandshire,  intercalated  between  the  Middle  or  Oxford- 
ian  Oolites  and  the  Lisa,  there  is  a  series  of  deposits  consist- 
ing of,  lst,sheIlytiiiieatones,  representing  the  Combrash  and 
Forest- tliarhle ;  2.  sandstones,  shale,  and  ironstone,  with  re- 
mains of  land-plants  ;  3.  shelly  limestone  with  fossil  wood; 
4.  sandstone  and  shsle  with  plant-remains,  and  containing 
towards  the  top  two  beds  of  coal.  In  the  neighbourhood  of 
Slgin  also,  and  on  the  north-east  coast  of  the  Isle  of  Skye, 
shales  and  sandstones  with  impressions  and  remains  of  simi- 
lar plants  are  met  with,  superimposed  on  the  Lias.t 

The  fosail  plants  are  for  the  most  part  of  the  same  type 
as  those  of  Yorkshire,  and  are  associated  with  fresh-water  or 
brackish  water  shells  of  the  genera  Oycla*  or  Oyrena,  Unio, 
and  Paludina.  TelUna  and  Pema  have  also  beeu  found ;  and 

*  For  a  general  viev  of  the  geologicitl  phenomena  of  Scolland,  tha 
reader  U  lefened  U  the  Instiuctive  little  volume  by  Prof.  James  Nico], 
enlilled,  A  Qaide  to  the  Geology  of  Scotland,  1844. 

t  Sir  R.  MurehUon,  Gsol.  Trans,  3  ser.  toI.  iL.  p.  293;  Mt,  Robeit- 
•on,  Geol,  Proceed.  Tol.  it.  p.  1J3,  and  Geol.  Joum.  vol.  iii.  p.  113;  and 
Prof.  E.  Porbea,  QeoL  Joum.  rii.  p.  107. 
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C^fprida  (p.  419)  occur  in  profiuion.  Scales  and  teeth  of  nu- 
merous  email  ganoid  flsheB,  of  genera  common  in  the  Oolite 
(fiybodut,  Lepidola$,  and  Acrodut),  abound  in  eome  of  tlie 
layers  of  clay :  fragments  of  plates  and  bones  of  Chelooiana 
are  among  the  few  reptilian  relics  Htherto  obBerred. 

These  coal-bearing  deposits  have  evidently  had  the  same 
origin  as  those  of  north-eastern  Yorkshire,  where  TJniohes 
and  Cypridffi  are  associated  with  Ferns,  Zamiie,  Thuyites, 
and  other  terrestrial  pluita.  Taken  as  a  whole,  the  fluvio- 
marine  intercalations  of  the  Oolite  must  be  regarded  as  local 
accumulations  of  the  spoils  of  the  land,  transported  into  the 
sea  by  the  agency  of  rivers  ;  the  presence  of  coal  depending 
on  the  streams  being  lai^ly  charged  with  vegetable  re- 
mains ;  or  perhaps,  in  some  cases,  to  the  subsidence  and 
covering  up  of  swamps  and  lagoons  rich  with  vegetable 
growths.  They  belong  to  a  period  long  antecedent  to  the 
deposition  of  the  Wealden,  which  was  subsequent  to  the 
formation  of  the  upper  Oolites, 

24.  JuoABSic  Coal-field  of  Eabtekn  Vibooia. — One 
of  the  most  remarkable  features  in  the  geology  of  the  United 
States  of  North  America,  as  contrasted  with  that  of  Europe, 
consists  in  the  absence  of  deposits  yielding  Jurassic  fossils 
such  as,  throughout  large  tracts  in  England  and  Europe,  re- 
prraent  the  vast  interral  of  time  that  must  hava  elapsed  be- 
tween the  close  of  the  Triassic  and  the  commencement  of 
the  Cretaceous  epoch.  Some  time  since,  it  was  suggested 
by  Professor  W.  B.  Bogers,  that  an  eitensiye  coal-field  in 
Eastern  Virginia*  belonged  to  the  Jurassic  period;  and  Sir 
C.  Lyell  coincides  in  this  opinion.  This  coal-field  is  about 
twenty  miles  from  north  to  south,  and  from  four  to  twelve 
miles  in  breadth  from,  east  to  west.     It  is  situated  in  a 

■  There  ua  two  cml-fleldi  in  the  State  of  Viigioia ;  the  Tsmarka  in 
tbetexl  eicltuiTely  refer  tathe  Enslera  cosl-Beld, — that  near  Richmond  ; 
the  coal-meBBQiel  in  Weatem  Viiginiit  belong  to  the  uicieot  Cwlranifcr- 
ous  sysiew. 
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granitic  r^on,  aai  the  lowermoHt  bed  of  cool  rests  upoo 
granite.  Quartzose  grita,  Bandstonee,  and  shaleB  are  inter- 
calated with  the  coal,  as  in  the  carboniferous  system  of 
Europe.  Beds  of  rich  bituminoos  coal,  one  being  in  some 
places  from  thirty  to  forty  feet  thick,  occur  in  the  lower 


The  fossil  plants  resemble  thoae  of  the  Oolite  of  York- 
shire {Peeopterit  Whilbiensit,  Equitetum  eolumnare,  some 
species  of  Zamitet,  Ttoniopierit,  Seuropterit,  &c.),  differing 
specifically,  aad  most  of  them  generically,  from  those  of  the 
older  coal-formations.  From  the  upright  position  of  many 
of  the  Equiseta,  Sir  C.  Lyell  infers  that  the  vegetablei 
which  produced  the  coal  grew  on  the  spot  where  they  are 
now  found,  and  that  the  strata  were  formed  during  alternate 
subsidences  and  elevations  of  this  part  of  Vii^inia.  They 
contain  fcMsil  fishes  (^Telragoiml^nt  &aA.  CatopUmf^')  related 
to  European  Liassic  species ;  and  numerous  Cyprida  and 
Ettkeria,  the  latter  of  which,  under  the  name  of  Potido- 
nomga,  are  characteristic  of  some  strata  of  the  European 
Trias.  Prof.  Bogen  finds  reasons  to  regard  this  coal-field 
of  Eastern  Virginia  as  belonging  to  the  same  series  of  de- 
posits as  the  red  sandstones  and  coaly  shales  of  Carolina  to 
the  South,  and  of  Maryland,  New  Jersey,  and  Connecticut, 
to  the  North.  These  beds  are  characterized  by  the  local 
occuirence  of  EslieritB  and  Ci/pridm,  reptilian  bones,  and 
plant-remains ;  and  in  Connecticut,  by  numerous  impres- 
sions of  supposed  birds'  tracks.  They  have  been  variously 
referred  to  the  Trias  and  the  Permian  series ;  but  probably 
more  or  less  &lly  represent  in  time,  as  extensive  land  and 

*  Plant-beds  and  coal  of  similar  cbarsctera  u  the  above  hare  been 
fnund  neu  Ihe  Rocky  MouutnioB,  at   Raton   MouQtiun  and  Muddy 

t  Sit  F.  EgertoD'a  geniu  Dwtyopygt  coDtiaU  of  some  of  Mr.  W.  C. 
Redfield's  Catopleri.  See  Silliman's  Journal,  1856,  toI.  iiiu  p.  3&7, 
and  GeoL  Soc.  Journal,  toL  iiL  p.  375. 


jii...iii,Goog[c 


520  THE  WONDEItS  OF  aEOLOGT.  IjfT.  *. 

fresh-water  fprmatioDa,  the  Upper  Trias  and  Lower  Jurassic 
periods.* 

In  India  and  South  Africa,  and  probably  in  Australia, 
aiinilarly  characterized  deposits,  possessing  both  Triassic 
and  Juraseie  elements,  are  recognized,  t 

In  the  Chatham  coal-field  (North  Carolina),  of  this  age, 
Dr.  Emmons  %  l>Aa  discovered  some  lower  jaws  of  a  small 
species  of  mammal,  which  he  has  named  Dromatheriwm 
tylveitre.  They  much  resemble  some  of  the  little  marsu- 
pial jaw8  from  Stoneefield  and  Purbeck.  Dr.  Emmons  has 
also  figured  and  described  §  a  fossil  sacrum  of  a  bird  from 
the  same  seHes  of  deposits, — referred  by  him  to  the  Per- 
mian age. 

25.  The  Lias. — The  lowennost  group  of  the  Oolitic  or 
Jurassic  system,  termed  the  Lias,  consists  of  stratified 
blue  and  grey  marls,  clays,  and  limestones,  amounting  in 
total  thiclineflB  to  from  five  hundred  to  one  thousand  feet, 
and  abounding  in  many  peculiar  fossils.  The  principal 
Hthological  features  are  the  uniform  aspect  and  distinctly 
stratified  character  of  the  limestones  and  intervening  argil- 
laceous layers ;  the  most  constant  subdirisions  ore  those 
mentioned  in  the  table,  |  p.  490. 

*  The  Wealden  may  in  like  maimer  be  «aU  lo  ba  the  equiTolent  of 
(lie  Upper  Jurassic  and  Lower  Cretaceous  series. 

t  See  Mi.  T.  H.  Jones's  remarks  on  this  subject  in  the  Geul.  Sac. 
Joum.,  Tol.  lii.  p.  376. 

X  American  Geology,  part  *i.  |>.  93,  18!i7> 

%  Ibid.  p.  149. 

y  In  1856  Dr.  T.  Wrigtil,  of  Oiellenham,  published  in  the  Quarterly 
Joumil  of  the  GeologiuaL  Society  a  paper,  to  show  thai  the  sanda 
usually  referred  to  the  Inferior  Oolite  in  the  West  of  England  contnin 
fossiU  of  the  Liasaic  type,  and  should  be  clasaifled  as  with  Lias,  and  not 
with  the  Lower  Oolile.  Although  Mr.  Hull,  of  the  Geological  Surrey, 
hot  accepted  Dr.  Wright's  Tiews,  and  carried  them  out  in  his  description 
of  the  geology  of  the  country  around  Cheltenham  (Memoira  Geol. 
Surrey,  1856),  yd  there  are  too  many  disaentienlB  to  these  liews 
amongnt  experienced  geologists,  and  too  many  openings  for  crttitivm  in 
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It  may  be  Btat«d  in  general  termB,  that  the  Lias  of  Eng- 
land extends  along  the  western  escarpment  of  the  Oolite, 
from  Yorkshire  to  the  Dorsetshire  coast,  forming  a  district 
wMch  presents  an  exceedingly  variable  surface,  occasioned 
by  the  disruption  and  subsequent  denudations  wMch  the 
strata  have  undergone. 

The  Lias,*  Irotn  its  northernmost  limits  on  the  Yorkshire 
coast,  where  it  underlies  the  strata  of  the  Eastern  Moor> 
landH.t  passes  to  the  south  of  Whitby  and  to  the  east  of 
York',  and  crosses  the  Kumber  near  the  junction  of  the 
Trent  and  Ouse ;  stretching  onward  beneath  the  low  Oolitic 
range  of  Lincolnshire,  it  extends  to  the  Wold  hills,  on  the 
borders  of  Nottingham  and  Lincoln,  to  Barrow-upon-Soar ; 
whence  it  continues,  accompanying  the  escarpment  of  the 
Inferior  and  Qreat  Oolite,  through  Nottingham,  Warwick, 
and  Olouc^ter.  Its  whole  course,  to  within  a  few  miles 
south  of  Gloucester,  is  remarkably  regular,  presenting  an 
average  breadth  of  about  six  miles,  bounded  on  the  south- 
west by  the  Oolite,  and  on  the  north<west  by  the  Bed  Marl, 
which  will  hereafter  be  described.  Beyond  Qloucest«r,  its 
range  becomes  intricate ;  its  eastern  limit  accompanies  the 
Oolite  through  Somersetshire  to  Lyme  Begis;  but  the 
western  is  very  irr^ular,  feathering  in  and  out  among  the 
coal-fields  which  occur  towards  the  estuary  of  the  Severn 
and  the  upper  part  of  the  Bristol  Channel,  Gloncestershire, 
Somersetshire,  Monmouthshire,  and  G-lamorgimshire,  and 
attended  with  numerous  outlying  or  detached  masses.  To 
render  the  course  and  poattion  of  the  Lias  in  this  part  of 
England  intelligible,  it  is  necessary  to  state,  that  this  dis- 

Dr.  Wrijcht'a  argumenU,  to  allow  of  our  altciing  the  pieaent  clasaifica- 
tion  of  these  beda,  which,  thou|;h  possibly  pusags-beda,  and  partaking 
of  the  chftractera  of  the  two  series,  IiaTe  too  mucli  in  cammon  with  Uis 
Oolile  10  be  separated  from  it. 

"  Oullines  of  the  Geolofty  of  England  and  Wales,  p.  261. 

f  In  the  Lias  of  the  Eske  Taltey  Ihers  an  two  p««t  btrdi  of  iron- 
alone,  which  u-b  extenaiTelj  worked. 
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trict  is  occupied  by  three  great  basiuB  of  the  coal-formation, 
encircled  by  the  nnderlying  Mountain-limeetone  and  De- 


vonian aandatones ;  one  of  these  basins  is  shown  h 
nexed  section. 

The  edges  of  these  baaina  consist  of  strata  thrown  up  at 
a  high  angle,  and  often  nearly  vertical,  forming  bold  and 
precipitous  ranges  of  hills  ;  in  the  vaJleya,  horizontal 
layers  of  Lia«,  with  subjacent  beds  of  red-marl  (layn.  124), 
are  seen  lying  imconfonaably  upon  the  highly  inclined  coal- 
meaaures,  I  shall  recur  to  this  subject  hereafter,  and  now 
only  observe,  that  the  Lisa  appears  beneath  the  Oolite 
through  the  south-east  of  Somersetshire,  and  passes  into 
Dorsetshire,  where  the  overlying  Greensand  conceab  it  be- 
neath the  high  range  of  tbe  Black  Down  Hills. 

At  Lyme  Begis  it  forms  a  range  of  cliffs,  about  four  miles 
in  length,  and  may  be  traced  until  it  gradu^y  sinks  be- 
neath the  Inferior  Oolita  of  Bridport.  The  skeletons  of 
large  marine  reptiles  {lehthgoMuri  and  PUgiomuri),  for 
which  the  Lias  is  celebrated,  have  principally  been  found  in 
.  the  cliffs  at  Lyme,  Watchett,  Weatbury,  and  Whitby,  where 
the  natural  sections,  formed  by  the  action  of  the  waves,  well 

•  The  inclination  of  Iho  strata  i»  very  much  exaggerated  in  this  dia- 
gram, in  cunsequence  of  Che  diSbrenoe  in  the  hariioctal  and  veiticitl 
scales,  neceasaiil;  adopted  to  compiise  the  section  in  a  amall  apace. 
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display  the  cbantcten  of  tbe  atrata,  and  afford  abundance  of 
fossil  remains.  The  Lias  appears  in  the  Western  Isles  of 
Scotland,  and  on  the  north-east  coast  of  Ireland.  The 
Upper  Lias  comprises  a  thin  band  of  limestone,  rich  with 
remains  of  insects  and  fish,  which  has  been  traced  from 
Somersetshire  and  Gloucestershire  into  Northamptonshire 
and  Lincolnshire.* 

In  the  north  and  south-east  of  France,  and  orer  a  large 
area  in  Germany,  the  Lias,  with  its  peculiar  fossils,  accom- 
panies the  Oolite.  One  species  of  Qryphit«  {Ori^haa  in- 
curva,  Idgn.  117,^^.  6),  which  is  so  abundant  in  the  Liassic 
strata  of  England,  on  the  Continent  forms  a  limestone  {Cal- 
caire  a  gryphitet),  which,  like  the  Sussex-marble  and  many 
other  such  rocks,  is  composed  of  sheila  cemented  together 
by  a  calcareous  paste.  In  Wirtemberg  the  Lias  presents  the 
tisual  characters  of  that  of  England,  and  contains  remains  of 
Ichthyosaurs  and  other  reptiles -t 

In  the  Talley  of  the  Arve,  in  Switserland,  the  Lias-clays 
are  of  great  thickness,  and,  owing  to  the  ancient  effects  of 
igneous  or  metamorphic  agency  everywhere  apparent  in  the 
Alps,  have  a  schistose  character,  strongly  assimilating  them 
to  the  primary  slates. 

In  £ussia  oolitic  deposits  cover  detsched  districts,  Irom 
the  Icy  Sea  to  the  Caucasus  in  the  south ;  and  in  Bussia 
Proper  there  are  shales  and  sands  referable  to  the  Middle 
or  Oxford  Oolite ;  a  characteristic  species  of  ammonite  {A. 
biplex).of  the  Portland-rock  has  been  found  both  in  Bussia 
and  Poland.  In  the  Himalayas  and  Central  India  argil- 
laceous beds  occur  which  contain  fossils,  which  have  been 
regarded  as  analogous  to  those  of  the  Lias  of  Europe. 

Sone-bed.  — At  the  base  of  the  Lias,  and  separating  the 

*  By  Mettis.  C.  Hoore,  BJnfield,  Morris,  and  Brodie  :  Medals,  vol.  il. 
p.  549.    Annals  N.  H,  2  ser.  vol.  lii.  p.  56. 

t  SeeDt.  Jneger's  wotkjUeberdie  foBsil™  Reptilian,  walche  in  Wnr- 
lemberE  ■ut'gefunden  vordiin  liiid.  Stuttgard,  1838. 


jii...iii,Goog[c 


lower  ehalea  and  limeatonee  from  the  uppermost  Triassic 
bed  beneath,  there  is  a  layer  of  coarse  detritus,  a  few  inches 
thick,  commonly  known  as  the  Liat  Bone-bed,*  from  the 


immense  quantities  of  water-worn  bones,  teeth,  and  copro- 

lites  of  fishes,  which  it  contains.  It  is,  in  fact,  an  ^gr.'ga- 
tioa  of  mud,  sand,  and  the  debris  of  fiahes  and  reptiie^. 
Teeth  of  fishes  of  the  genus  Ceraiodut  (Med.  Great,  p.  587), 
are  very  frequent  in  this  bed.  Aust  Cliff,  on  the  Severn, 
near  "Westbury,  in  Someraetshire,  is  a  well-known  locality 
for  the  fossils  of  this  remarkable  deposit.  By  some  geolo- 
gists this  bone-bed  is  included  in  the  Trias,  and  by  others 
in  the  Lias.  A  similar  stratum  occupies  the  same  geologi- 
cal position  in  Germany,  and  contains  organic  remains  of  a 
like  nature. 

•  Another  "bone-bed"  occurs  in  the  Upper  Ludlow  aeiies  (GeoL 
Joum.  ml.  xi.  p.  8) ;  and  fish-iemuns  are  almost  u  abundant  in  a 
portion  of  the  Hountain-limestone  (at  Clifton  and  Annagh),  and  in  tho 
luferiac  Oolite  at  Leckhamplon  Hill.  (See  Quart.  Geol,  Jodtd.  vol.  Tti. 
p.  211,) 
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Considerable  interest  is  attached  to  the  exact  determina- 
tion of  the  extent  of  this  "bone-bed,"  and  its  associated 
strata,  from  England  to  the  Eastern  Alps.  In  the  west  it 
appears  to  have  been  a  compsratiTely  shaUow-wat^r  doposit  • 
but  towards  the  east  it  is  imbedded  ia  other  fossiUfeiwus 
strata  that  were  evidently  deposited  in  a  deeper  sea.  These 
shelly  beds  form  part  of  the  series  termed  "  Koessen'Stnita" 
by  the  Austrian  geologists,  and  without  doubt  belong  to  the 
Upper  Trias.  A  bone-bed,  similar  to  that  underlying  the 
English  Lias,  occurs  near  Stuttgard,*  and  certain  sandstom) 
strata  there  accompanying  itare,  according  to  Messrs.  Oppel 
and  Suess,  the  littoral  equivalents  of  the  marine  "  Koessea- 
strata,"  so  well  developed  in  the  Eastern  Alps,  and  charac- 
terized to  the  eastward  of  Vienna,  in  the  Austrian  Salinar 
district,  and  even  partly  in  the  Alps  of  Tyrol  and  Bavaria, 
by  numerous  remains  of  marine  animals,  especially  of  Bra- 
chiopods  and  Oysters.  In  the  Yorarlberg,  these  forms  begin 
to  disappear,  giving  place  to  Pecten  Yaloniensis,  Cardium 
Bhsticum,  Card.  Austriacum,  and  other  pectinibrancbiates, 
indicative  of  a  diminution  of  the  depth  of  the  old  sea  there. 
Beyond  the  overlying  strata  of  more  recent  date,  and  along 
the  shores  of  that  primteval  sea,  these  deposits  have  assumed 
quite  a  littoral  chaTact«r  ;  Oysters  and  Brachiopods  having 
totally  disappeared,  and  the  pectinibranchiate  molluscs, 
such  as  occur  in  these  beds  in  the  Yorarlberg,  and  some 
new  Bpeciea,  being  predominant  in  the  fossil  fauna.  Hence 
it  is  concluded  that  the  "  Xoessen-beds  "  are  cantemporane> 
ous  with  the  ossiferous  strata  or  bone-beds,  the  existence  of 
which  may  be  traced  for  a  great  distance,  from  the  South- 
west of  Glermany  to  France  and  England. 

"  The  Stuttgard  "bone-bed"  ii  fninouB  for  hiring  yiplded  some 
minute  leelli  of  a  Munmalian  animal  (Lj'ell'i  Manusl  of  Geology,  I85S, 
p.  34-1,  aad  Supplement,  1857).  This  will  be  noticed  in  the  chapter  on 
the  Trias,  Ihe  Slatlgard  depowU  baring  b«en  lefeircd  (o  that  form- 
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26.  OBai.Tric  Beieaiitb  ot  the  Juba.bsig  System. — 
Tbe  foBsila  discovered  in  the  Oolitic  and  Liaasic  strata 
amount  to  many  hundred  Bpecies,*  and  it  is  impossible  in  a 
work  of  this  nature  to  give  but  the  briefest  summary  of 
these  organic  remains ;  it  must  suffice  to  offer  a  few  general 
remarks  on  the  nature  of  the  iauna  and  flora  of  the  sea 
and  land  during  the  vast  period  of  time  which  the  accumu- 
lation of  sedimenta  of  such  extent  and  thickness  must  have 
required. 

Vegetable  remaint. — Some  species  of  fucoidal  plants  and 
upwards  of  a  hundred  species  of  terrestrial  vegetables  have 
been  determined  from  the  Jurassic  rocks  of  Britain.  The 
latter  consist  of  feme,  cycadaceous  plants,  and  coniferous 
trees ;  constituting  a  flora  analogous  to  that  which  now  pre- 
vails in  the  maritime  diatricta  of  the  West  Indies,  New 
Holland,  and  the  Cape  of  Good  Hope,  &a.  A  large  species 
of  plant  allied  to  the  recent  Marestail  {JSi^uitetiteg  eolunt- 
narU)  is  abundant  in  the  coal-bearing  Oolite ;  and  in  York- 
shire bo  many  of  these  plants  occur  in  an  erect  position  that 
it  is  supposed  they  must  have  grown  on  the  spots  they  now 
occupy  r  we  shall  recur  to  this  tact  hereafter. 

One  of  the  moat  remarkable  fossil  vegetables  discovered 
in  this  formation  in  England  is  the  fruit  of  a  tree  {Poda- 
ean/a  Bueklandi,  Unger)  allied  to  the  Pandanus  or  Screw- 
pine,  from  the  lower  Oolite  of  Charmouth  in  Doraetshire.t 

Fragments  of  trunks  of  coniferous  trees  of  the  Araucarian 
type  are  found  throughout  the  Jurassic  formation ;  and,  as 
we  have  already  stated,  the  last  bed  of  the  Oolite,  when 

•  The  student  i»  referred  to  Prof.  Phillips'  tables  of 'foewb  in  the  Eocy- 
clopsdia  Metrop.,  art.  Geology,  lo  Sir  H.  De  la  Becbe'i  Manual  of  Geo- 
logy, and  to  Mr.  Morris's  British  Fossils,  for  lists  of  the  fossils  found  in 
the  British  Oolite  and  Lias ;  aud  to  the  beautiful  woik  on  the  organic 
remains  of  the  "  Ttrraim  Juraiiiqatt,"  by  M.  D'Orbigny,  See  also 
Medals  of  Creation. 

t  Dr.  Bucltland'a  Bridgwater  Treatise,  vol.  ii.  pi.  63. 
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elevated  above  the  waters,  was  clothed  with  pine-foreata 
(vol.  i.  400). 

The  qoantity  of  drift-wood  in  a  carbonued  state,  hut  not 
converted  into  coal,  is  very  considerable  in  the  argillaceous 
strata.  In  the  Oxford-clay,  at  Trowbridge,"  niassea  of  wood 
occur  in  abundance ;  oysters,  terebratule,  and  other  shells 
are  often  adherent  to  the  fragments  of  trunks  and  branches 
of  trees,  which  have  evidently  been  drifted  from  a  distance 
into  the  bed  of  the  sea.  Much  of  this  wood  is  soft  and 
flexible  when  first  exposed,  and,  when  dry,  bums  with  a 
bright  flame.  In  the  Liaa  of  Whitby,  Lyme  Eegis,  and 
other  localitiea,  the  wood  is  often  calcareous,  and  admits 
of  a  fine  polish  :  occasionally  silicified  masses  are  met 
with-t 

27.  ZoOPHTTA  Aim  Basiaria. — Of  corals  and  moss-corals 
numerous  juraasic  species  abound.  The  ree&  of  coral  con- 
stituting the  Coral-rag  have  already  been  alluded  to.  In 
some  parts  of  Oermany  coralline  Oolites  are  largely  de- 
veloped, and  all  the  corals  are  silicified  in  certain  localitiea  ; 
this  is  especially  the  case  between  Nattheim  and  Heiden- 
heim,}  whence  exquisite  specimens  o{  Agfraa,  Liihodendron, 
Ac.  have  been  obtained. 

In  the  beds  of  chert  in  the  Oolite  of  Tisbury  in  Wilts, 
shells  and  corals  are  found  in  a  beautiftilly  silicified  state, 
particularly  a  species  of  Itattrrea  (I.  Tithuritntifi).  Large 
silicified  masses  of  this  coral  are  met  with,  which,  on  being 
cut  and  polished,  display  the  intimate  structure  of  the  ori- 
ginal, and  form  an  ornamental  material  for  the  jewellers  and 
lapidaries.  A  matchless  specimen  of  the  soft  parta  of  a 
Trigonia,  traoamuted  into  silex,  was  obtained  from  Tisbury 
by  the  late  Miss  E.  Benett,  and  is  now,  with  the  greater 

■  See  aboTe,  p.  500. 

t  Beiuliful  specimenB  of  ihe  fosil  wood  and  ptuits  Troni  the  Liat  uid 
Oolile  are  exhibited  in  the  Driti^  MoMum.    Petrifact.  Chap,  I. 
X  Geol.  Soc  Joum.  lot.  vii.  pait  2,  p.  71. 


^,  Google 


528  THE  WONDERS  OP  OEOLOGT.  Um.  V. 

part  of  the  collection  of  that  iaAy,  in  the  poaeesBiou  of  Mr. 
Wilson  of  Philadelphia.* 

The  Grinoideo,  or  lily-shaped  animale,  are  also  abundant, 
and  are  often  found  in  an  admirable  state  of  perfection. 
Whole  slabs  of  many  of  the  Liaa-shales  are  covered  with 
Pentacriuitea,  frosted  with  brilliant  pyrites,  and  lying  in  re- 
lief on  the  stone,  as  if  spread  out  on  the  aea-Band.f 

Of  the  Hahinoidea  upwards  of  seventy  speciea,  and  of 
Star-fishes  nearly  twenty  genera,  comprising  many  species, 
hare  been  determined  from  tbe  British  Oolites.}      Some 
splendid  Star-fishes  from  the  Yorkshire  Oolite  and  Lias  are 
figured  in'Charlesworth's 
London  Geological  Jour- 
nal,  pi.  17   {Astropeeten 
arenieola),  and  pi.  19,  20 
(fiphiodermata). 

28.  MoLLVscA.  —  The 
shells,  both  of  testaceous 
and  conchiferous  mol- 
luscs, amount  to  many 
hundred  species.  Of  the 
Cephalopoda,  as  Nautili, 
Ammonites,  Belemnitcs, 
fnam^Liai^muiii.  '  &C-,  several  hundred  spe- 
cies, belonging  to  numer- 
ous genera,  have  been  figured  and  described.  § 

The  state  of  perfection  in  which  the  animals  allied  to  the 
Cuttle-fish  occur  in  the  Lias,  and  also  in  the  clays  of  the 

■  Figures  and  a  description  of  this  exIraoTdinary  Britisli  foesil  ba*c 
been  given  bj  Mr.  Charleaworth  in  (he  London  Gealogic&l  Jaumal. 

t  See  Pelri&ctiaaa,  be,  p.  88. 

X  Dr.  Wright's  Monograph,  published  by  the  Palsontographiral  So- 
ciety, 1856,  ^misliea  a  careful  and  lucid  history  of  the  Jurassic  Echino- 
lierms  of  Britain. 

}  See  Sowerby'a  Minernl  Conchology,  and  the  works  before  referred 
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Oolite,  especially  in  the  Oiford-elay  of  Wiltshire,*  is  moBt 
extraordinary.  The  soft  part  of  the  body  and  arms,  the  cap- 
sule of  the  globe  of  the  eye,  and  the  ink-bag  atill  retaining 
ite  inapiBBated  secretion,  are  often  found  in  their  natural  posi- 
tion, and  distinctly  recognisable.  This  state  indicates  arapid 
imbedding  of  the  animals  while  in  their  natural  element.f 

29.  Cettstacbahs  and  Insects. — Numerous  genera  of 
Crustaceans  and  Insects  have  been  collected  from  the 
Jurassic  deposits:  the  museum  of  the  late  Count  Miinster 
was  celebrated  throughout  Europe  for  the  magnificent  series 
of  remains  of  this  kind  which  it  contained. 

Species  allied  to  the  Shrimps,  Prawns,  Lobsters,  and 
Grabs  have  been  found  in  great  perfection  at  Solenhofeu, 
Pappenheim,  &a. ;  an  extinct  form  (Eryon  CuvieriX),  and 
BomeLimiili,^  occur  in  an  exceedingly  perfect  state ;  and 
small  bivalved  Entomostraca  are  not  rare  in  some  beds> 
though  as  yet  they  are  undescribed. 

A  fine  fossil  Dragon-fly,  from  Solenhofen,  in  the  cabinet 
of  the  KaiN]uesa  of  Northampton,  is  figured  in  Medals  of 
Creation(Tol.  ii.  p.551).  IuEngland,theCoal-ineasures,Lia8, 
Stonesfield-slate,  Forest-marble,  and  Wealden  have  yielded 
fossil  insects.  Among  the  specimens  found  in  the  Lias,  is  a 
wing  of  a  very  large  Dragon-fly,  which  closely  resembles  the 
recent  species  in  the  general  arrangement  of  the  nermres,  and 
appears  not  to  be  separable  from  the  genus  .^ihna  {Lign. 
127).  In  this  fossil  an  opaque  spot  (a)  exists  on  the  anterior 
margin  of  the  wing,  as  in  most  of  the  living  Libellulidn. 

Mr.  Brodie  haa  figured  and  described  numerous  fossil 
insects  from  the  Oolite  and  Liaa  of  England,||  comprising 

*  See  Ihe  London  Gmtlt^ical  and  PalBontological  Joumat,  No.  % 
Fl.  XV.  XVI.,  for  figures  oriome  Teniarlubte  speciiDeni  in  the  late  Mi. 
Channing  Pearce'a  cabinet. 

+  See  Dr.  Buckland'a  Bridgwater  Treatise,  Cor  exquisite  figfures  of  the 
ahella  and  boH  parts  of  Cephalopoda. 
'  t  Medals,  ii.  p.  520.  !  Ibid.  p.  522. 

y  Hialorj  of  Fonil  litiecia  (1845),  p.  :dr.    In  this  work  will  be  found 
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C<Aaogtera,  Neuroptera,  Hemiptera,  and  Homopten.  The 
wings  of  ioHects  allied  to  the  recent  genus  Panorpa  have 
been  found  in  the  Lioa  of  Wainlode  Cliff,  on  the  banka  of 
the  Severn.* 


The  several  hundred  specimens  of  fosEil  insects  that  have 
been  discovered  in  the  Lias  beloi^  nearly  all  to  forms  that 
inhabit  temperate  climates,  and  present  a  remarkable  affinity 
to  existing  families ;  so  that  in  one  instance  only  has  Mr. 
Westwood,  the  distinguished  entomologist,  ventured  to  pro- 
pose a  new  generic  nam  -  }  The  same  (act  of  the  close  re- 
lationship of  the  fossil  to  the  recent  types  of  Insecta  holds 
good,  with  but  one  or  two  exceptions,  in  the  case  of  the 
insects  from  the  Purbeck  beds. 

30.  Fishes. — All  the  Fishes  of  the  Oolite  are  referable  to 
extinct  genera,  and  essentially  differ,  as  a  whole,  from  those 

ui  kcconnt  of  the  locaKiiM  in  which  iBseet-remuni  h&d  been  at  ihat 
time  diacOTeied  in  Ihe  •eeondaiy  rocks  of  England.  See  alio  Dr.  Buck- 
laaJ's  Bridg.  Treatise ;  and  Medals  of  Creation,  vol.  ii.  p.  547,  &c, . 

*  See  Medals  of  Creation,  vol.  ii.  p.  553. 

t  Mag.  Nat.  Hiat.  toI.  It.  p.  301.  See  NoTa  Acta  Car.  Leop.  Acad. 
Tol.  zii.  part  1,  for  Germar's  fouil  Insects  from  Solcnhofen. 

I  Mr.  Strickland,  on  the  results  of  recent  cesearcties  into  the  foaail 
insects  of  the  aecondary  formations  of  Britain;  BriL  Assoc.  Keports  for 
ltU5,  p.  58. 
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of  tbfl  cretaeeouB  epoch.  Teeth,  scales,  doreal  spinea,  and 
other  remains  of  Sybodv*,  Acrodat,  AtteraeantimM,  Qanodiu, 
Eugnaihitr,  Paeiyeormus,  PycaodM,  .^hmodiu,  L^idotu*, 
and  Pholidophorut  are  abuaduit  in  some  of  the  strata.* 

Among  the  Ichtbyolites  that  preyail  in  the  Liaa,  the 
scalea  and  t«eth  of  ft  genus  of  Ganoids  called  D^ediut 
are  especially  abundant,  and  entire  Bpecimena  of  the  fish 
are  ofteu  met  with.  I  mm  led  to  notice  thia  genus  more 
particularly,  that  your  attention  may  be  directed  to  a  re* 
marhable  modification  of  structure  obaerrable  in  ^le  Icb- 
tbyolites  of  the  more  ancient  deposite,  which  will  her^ 
after  come  under  our  examinstian.  The  Dapedius  belongs 
to  that  divisioTi  of  the  Lepidoidt  which  are  lumioeereal  (equal- 
taUed)  or  nearly  so  ;t  while  all  the  genera  frcon  the  pdleeo- 
soic  Bttata  are  keteroem-cal,  or  having  tails  with  unequal 
lobes-t  But  few  of  the  existing  genera  of  fishes  have  thia 
latter  condition  of  the  caudal  fin,  while  it  is  found  in  almost 
erery  fossil  speciex  below  the  Triaasic  deposits.§ 

81.  Beptiles  of  thx  Jukassio  btstim. — The  preva- 
lence of  unimulf  of  the  reptUiaa  class  during  the  Oolitic  era 
was  incidentaliy  alluded  toju  the  course  of  our  previous 
observatioDa  on  the  organic  contents  of  the  diff«ent  mem- 
hent  of  this  extensive  formation,  from  the  lowermost 
stratum,  the  Bone-bed  of  the  Lias,  to  the  uppermost  layer 
of  the  Portland-stone,  the  remains  of  extinct  reptiles  have 

*  See  MedttU  of  Creation,  vol.  ii.  cluti.  xit.  xt.  ;  and  Peiii&ctioni 
and  their  TeaobingB,  eliap.  v. 

t  It  U  difficult  to  determine  whether  some  of  the  Triusie  and  Liiwio 
Lepidnid  fi^liea  are  leall;  homocercal  ar  not  Quart.  Joum.  Geol.  Soc. 
vol.  I.  p.  368. 

X  See  Medals  of  Cieation,  p.  575;    Petri&ctioiu,  p.  421. 

i  It  U  worthy  of  remaik,  Uiat  in  the  embryottc  state  moat  flshee  are 
beteroceical ;  and  those  species  vhich,  when  airived  at  maturit]i,  have  the 
equally-lobed  laQ  atlaiti  this  homocercal  type  iu  the  piogress  of  their 
devalopmenl.  For  remarks  on  Iha  helerocercality  of  ths  Salmouids!,  4c., 
see  Ml.  Hiixle;'*  obsenationa  in  the  "  Notices  of  the  Royal  Instil." 
leS6,  p.  84. 
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been  found  more  or  less  abimdaatly  in  erery  deposit.  About 
forty  species,  belonging  to  sevenl  genera,  haTo  been  deter- 
mined as  occurring  in  the  Jurassic  strata  of  tlie  BritiBh 
Islanda.  These  bave  been  carefully  investigated  and  de- 
scribed by  Professor  Owen,  in  tbe  Beporta  of  the  British 
Association  for  1340  and  1841,  and  in  tbe  Monogrt^hs  on 
Fossil  British  Beptilea  published  by  the  Palteont^raphical 
Society.  Cuvier,  Gerrais,  Hermann  Ton  Meyer,  Jaeger, 
Burmeiflter,  and  Theodori  are  amongst  the  continental 
naturalists  who  have  studied  the  fossil  reptiles.*  As  I  shall 
bare  occasion  to  recur  to  this  subject  in  the  sequel,  it  will 
be  sufficient  in  this  place  briefly  to  enumerate  tbe  principal 
kinds  hitherto  diacovered  in  tbe  Oolite  and  Lias. 

In  addition  to  the  reptiles  of  which  remains  have  been 
found  in  the  Chalk  and  Wealden,  namely,  the  Megalosau- 
ru8  (p.  435),  Pcecilopleuron  (p.  182),  Cetiosaums  (p.  427), 
Streptospondylus,  Pterodactylus,  Ichthyosaurus,  Pleeiosau- 
rufl, — and  of  some  of  these,  especially  of  the  two  last-named 
geaau,  numerous  speciea  abound  in  the  Lias  and  Oolite, — 
seTOTol  other  Crocodilian  reptiles,  with  peculiar  osteological 
modifications,  also  occur.  Thepe  are  the  Teleosaunia,  Ste- 
neosauru8,j'  &ic.,  which  are  characterized  by  their  long  narrow 
muzzles,  sharp-pointed  teeth,  short  fore-legs,  imbricated 
scales,  and  doubly  concave  or  flat-faced  rertebrs :  their  relics 
are  chiefly  found  in  the  Lower  Oolite  and  Lias, 

The  most  remarkable  circumstance  relating  to  the  Ich- 
thyosauri and  Plesiosauri  that  swarm  in  tbe  Lias  is  the  con- 
nected  state  in  which  all  the  bones  of  the  skeleton  occur. 
The  entire  osseous  &ame-work,  iirom  the  extremity  of  the 
snout  to  the  last  vertebra  of  the  tail,  often  remains  entire, 

■  See  Pictet'a  PaUoniobigii,  Sad  Edit.  toI,  ii.,  for  k  rhxanl  of  our 
knowledge  of  fossil  reptiles, 

f  See  Medals  of  CFeation,  vol.  ii.  p.  679.  These  pinal-like  reptiles 
are  represented  unoi^t  tbe  other  extinct  ininiali  by  life-like  mi^dels  in 
tbe  Crystal  Palace  Gardens. 
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or  but  Tery  little  displaced  from  its  natural  podtion ;  even 
the  bonee  of  the  paddlee,  with  theb  cartilaginoua  appeud- 
ages,  are  in  some  inatances  preserved.*  The  indigeatible 
portion  of  the  food  of  these  carnivorous  marine  reptiles  (as 
the  scales,  teeth,  aad  bones  of  tishes),  and  their  coprolites, 
are  frequently  met  with  in  the  abdominal  cavity. f  These 
facts  show  that  the  carcasses  of  these  animab  were  imbed- 
ded in  the  soft  mud  at  the  bottom  of  the  sea,  without  hav- 
ing been  exposed  to  the  action  of  the  billows,  or  to  long 
transport  by  rivers  or  currents.  The  Wealden  fossils  pre- 
sent a  striking  contrast  in  this  respect;  for,  although  bones 
of  Plesioeauri  are  by  no  means  uncommon  in  that  formation, 
they  are  isolated  and  generally  water-worn. 

In  the  Eimmeridge  Clay,  the  relics  of  a  very  large  marine 
saurian,  allied  to  the  PlesiosaurB,  but  distinguished  by  cer- 
tain osteological  characters,  have  been  met  with :  this  ex- 
tinct reptile  is  named  PHosaurua.  Bones  of  Flying-Saurians, 
or  Pterodactyles,  occur  more  abundantly  in  the  Oolite  and 
Lias  than  in  any  other  series  of  deposits ;  more  than  twelve 
species  have  been  found  in  the  Solenhofen  and  other  Bava- 
rian quarries.  In  the  Stonesfield-slate  the  bones  of  one 
species  (Pterodaelylui  Suelclandi),  and  in  the  Lias  of  Lyme 
Begis,  a  considerable  part  of  the  skeleton  of  another  (P.  ma- 
crongx),  have  been  discovered.  The  MmnTnuHi^  of  Stones- 
field  have  already  been  noticed  (p.  508). 

The  general  character  of  the  Jurassic  or  Oolitic  formation, 
as  derived  &om  its  organic  remains,  is  therefore  that  of  a 
series  of  oceanic  deposits,  accumulated  in  a  depression  of 
great  extent,  through  a  period  of  immense  duration.  The 
sea  teemed  with  marine  invertebrate  animals,  belonging  to 
genera  and  spedes  most  of  which  became  extinct  before  the 

*  Bee  Hedali  of  CieRtion,  Tol.  ii.  p.  669. 

t  Consult  Dr.  Bucklind'a  Bridgwater  Ttettiie.  p.  198;  uid  Geol. 
Truu.  2  ler.  vol.  ill.  p.  223. 
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Tertiuy  epo<^  and  with  these  were  associated  multitudes 
of  peculiar  Fishes  and  Beptilee.  The  dry  land,  as  attested 
by  the  remains  drifted  into  the  basin  of  the  sea,  iras  inhabit- 
ed by  a  few  reptiles  and  marsupial  mammals,  and  was 
clothed  with  tree-ferus,  cycadeous  plants,  and  coniferous 
trees  j  and  insects,  pterodactyles,  and  possibly  birds,*  flew 
above  its  surfitce. 

*  The  Rer.  Mi.  Dennis's  micioacoplca!  eridences  (Microacop.  Joum. 
»ol.  T.  p,  63)  only  require  further  patient  inTestigstioua  to  aubstantiste 
the  ha  of  the  existence  of  Birds'  remains  in  the  Stonesfield  slate.  The 
suns  obserriint  naturalist  has  bFought  forward  verj  probable  eiidencei 
of  the  mammalian  chaiactei  of  some  bonea  from  the  "  Lias  Bone-bed  " 
of  Lyme  Regis  {ibid.  vol.  ir.  p.  261}. 
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n. — THE  IBIiS  AND  FGRIUIAH 


Id  Peimtun  Formitlont.  1.  Oeognplilcal  DinrllHillDii  of  tbe  Trlu  BDd 
Bock-^BlL  flDd  Br1n#-Spr^^^  1^  Oitpa  *>f  Rock-SiUL  unit  <J^iaura,  a. 
lam  Waters.  S.  CaiieloniFiiiIa  or  Iha  Trlu.  T,  Orginic  nmilns  of  tbe 
iBticu,  Unlliuca,  and  CrliToMa.  9.  FLiliei  of  Ue  Trlu.  ID.  Heptllei  of 
t.  TTie  LKbrrlnlhodaii.   IB.  Tbe  &byiialK«aunu.    13.  Tbe  DIcyUDdonor 

I  ByileiB.  la.  HaKiKHlan  llmeetDne  or  EecTutdn.  19.  PBnnlui  ot  Ger- 
Kill.  St.  Orgudc  BnuliH  or  tbe  Penotiui  STMem.  U,  InrertebnuoT 
II.  Flibei  of  Ihe  Peimlan.   SS.  BepUUe  of  Ibe  Feimlin.   H.  B«ptUu. 

a.    19.  PlenKUDlftea,  or  Flying  ReplUia.    ~~ 


1.  The  Tbub  and  Pebmian  FoKMAxroKS. — Bene&tli  the 
Liaa  there  is  a  series  of  strata,  tnany  hundred  yards  in  total 
thickness,  which  waa  formerly  kaown  in  geology  as  the 
Jfew  Bed  Sandstone  IbrwUum,  and  divided  into  two  groups, 
namely  the  Upper  and  the  Lower.  But  later  iuvestiga- 
tions  '  having  shown,  that,  <£  the  fossils  found  in  the  lower- 
most group,  scarcely  ft  species  is  known  in  the  upper  series, 
nor  in  any  newer  strata,  this  system  is  now  separated,  under 
the  name  of  "  Permian,"  from  the  former,  and  regarded  as 
the  uppermost  or  t£rminal  group  of  the  PahEoaoie  or  primary 
series ;  while  the  Upper  New  Bed  is  ranked  as  the  lowermost 
of  the  Metowic  or  secondary  formations.f  The  name  of 
Triiu,  or  Triaasic  System,  by  which  the  Upper  New  Bed  is 
DOW  distinguished,  relates  to  tbe  well-marked  triple  sub- 

•  Seo  Phillip«"»  •'  M»imal  of  Geology,"  1855,  p.  246.  247. 
t  S«e  the  "  SynopUcid  Arruigcmeat,"  p.  i03. 
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diTisioii  of  this  BerieB  in  Glennaiif ,  knd  baa  been  adopted  to 
Avoid  confusion  from  the  restricted  application  of  the  old 
term.  The  New  Bed  Sandetone  aeries  baa  also  been  t«nned 
the  "  PcBcilitic "  fi^m  the  variegated  colours  of  its  compo- 
nent strata;  and  "Saliferous,"  on  account  of  the  immense 
beds  of  rock-salt  which  alternate  with  the  red  marls  in 
Cheshire  and  other  parts  of  England.  The  following  table 
ebowB  tbe  characters  and  order  of  succession  of  the  princi- 
pal Triassic  and  Permian  deposits : — 


(Comprinn;  Iht  Seuper,  ilvchtUtaik,  and  Bmttr-Sandtttin,  oftht 

G«n)un  g«ologitt:) 
1.  VuiegUed,  Ted,  blue,  greeoiab,  and  whiW  roarU  or  cUys  (with 
gypsum  arid  immeDSe  beds  a!  rock-wit  in  BOme  place*;,  iiiteratia- 
tiGed  with  aondy  beds ;  the  landBtones  towaida  the  bollDm,  called 
"  WBtei-Htones,"  constituting  a  well-deflnod  band. 
[Thete  nnu-ls  and  Bandaiooes  attain  ■  thickness  ti  about  11)00  feet, 
and  are  equivalent  lo  the  "  Keuper;  "  the  "  Huichelkalk  "  being  poeni- 
bly  represented  by  the  "  while  beds  "  or  "  waterstonea."] 
3.  Red  and  Tuiegated  sandatoues  and  maila. 

3.  Coarse  red  iiHudBtones  and  conglonisrates. 

4.  Red  and  yariegatiid  aandgtonea  and  maila.* 

[Nos.  2, 3,  and  4  collectinly  hare  a  Ihicknen  of  more  than  1000  leet.} 


{Conipritmg  tha  Bmiler-ScMe/ar,  Ztchtlem,  Kiga/tr-Sehiefm;  and 
Both-todl-Uagenda,^  of  the  Csnnwu.) 

1.  Reddish  aandatcmea,  and  red  and  white  gypsiferons  marls,  with  thin 

limeatone-beda.     (About  200  Teet  thick). 

2.  Magneaian  limestone  {Zeehiiein) ;  while,  red,  or  }retlowish  magn«- 

sian  limestone,  someliuies  concretionary,  sometimes  brMcialed,  in 
thick  beds,  with  marins  OTganic  reniaios.  (Aboot  SOO  feet  thick.) 

■  See  Qaarl.  Joum.  Geol.  Su«.  lal.  ii.  p.  188,  for  PioT.  Ramaty's 
account  of  the  four  subdivisiooi  of  the  English  "  Bnnter." 

t  Roth-todt-liegendu,  signifying  "  led  dead  layer,"  is  a  German  min- 
ing term,  deiioling  that  the  copper  of  the  apper  beda  has  died  out,  ibis 
layer  not  being  metalliletQus. 
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3,  Mail-slata  and  limestone,  in  thin  tajsn,  containing  fiahei  and  aea- 

shells.     (About  60  feet  thick.)     The  Ki^fiT-Sihieftr,  or  Copper- 
schist,  of  ManEfeld. 

4.  Variegated  marls,  sundslones,  and  conglomerates  (Pontefract  Ruck} 

of  (ariable  thickness  and  character.*     {About  200  feet  thick.) 

Prom  this  tabular  -view,  the  Trias  and  Permian  Bj-Btems 
are  seen  to  consist  of  red  and  variegated  maris,  generallj 
gypBiferoua,  sandelonee,  magnesian  limeatones,  and  conglo- 
meratea,  more  or  less  coloured  vitli  peroxide  of  iron ;  the 
upper  group  containing  beda  of  salt  and  gypsum ;  and  the 
lower,  calcareous  rocks,  having  in  their  composition  a  large 
proportion  of  magnesia.  As  a  whole,  the  strata  are  compa- 
ratively poor  in  organic  remains ;  but  in  some  localities 
land-plants,  marine  shells,  and  reptiles  are  met  with ;  cer; 
tain  species  and  genera  being  peculiar  to  each  system.  The 
fossils  of  the  Permian  rocks  are  very  closely  allied  in  their 
zoological  chsracters  to  those  of  the  coaJ>formation ;  the 
organic  remains  of  the  Trias,  on  the  contrary,  are  very  dis- 
tinct, having  closer  relations  to  those  of  the  secondary  form- 
ations, especially  the  Lias. 

2.  Geosbafhioal  Distmbotioh  or  the  Tbias  ajtd 
FxBiciAiT. — For  the  sake  of  conciseness  I  shall  comprise 
both  systems  in  the  following  brief  notice  of  their  geogra- 
phical dietributiou.t 

From  the  Rirer  Tees  to  the  Tyne  («»  tht  map,  PI.  I.  p.  474),  these 
rocks  form  the  Durhain  coast.  The  line  of  the  emergence  of  the  New 
Red  team  beneath  the  Liss  through  YorksliiTe  lo  the  south-wesl  forms 
its  eaatem  boundary.  Trairening  Yorkshire  and  Nottinghamshire  a»  an 
irregular  band  Tarying  from  ]0  t«  30  miles  mde,  Che  Nev  Red  is  accom- 

*  The  sands  and  sanditonee  beneath  the  ninr|.slate  in  Durham  ar« 

beliered  by  Mr.  R.  Howse  not  lo  belong  to  the  Permian  series,  on  ac- 
count of  their  unconfonuability,  and  their  being  chanictBriied  by  genuine 
carboniferous  species  of  plants  and  fish.    Annals  N.  H.  1B56. 

f  In  the  map,  Plate  I.  the  Trias  and  Permian  aie  both  denoted  by 
the  same  colour  rmd  number  (S). 


jji.z.iit,,Goog[e 


THl  WONDERS  OF  QBOLOOT.  Lm.  \ 


688 

paoied  by  k  still  nMrover  bwid  of  Permuu  roek*  to  the  *e«t  u  fM  m 
Nottingham,  from  whence  u  fu  u  Warwick  and  the  Tala  of  the 
SsTem  *  to  the  Bonth-weet,  and  to  ShrewabuT?  and  the  Lancashire  coast 
on  tiie  west  and  nurth-weat,  the  New  Red  apreada  out  irregularly,  com- 
priaing  (he  rich  lalt-fletda  of  Oieahire  and  Warcfl«t«ahire,  and  nirround- 
ing  or  bordering  on  the  aereral  coal-llelda  of  the  Midland  counties, 
Flinlihiie,  and  Lancailiiie,  each  wilh  iu  irregular  aelvedge  of  FermiaD 
atrata.  In  Someraet  and  Devon  the  New  Bed  accumpaniea  (he  Liaa. 
It  alao  forma  the  rale  of  the  Clwyd  in  North  Wales,  and  that  of  the  Eden 
in  Cumberland,  where  it  ia  uniformly  bordered  with  Permian  rocka.  The 
1att»  occur  also  in  an  iaolated  patch  in  AngieK«,t  and  are  represented  in 
the  South-weatem  counties  by  conglomeratic  beds  near  Briitol,  on  the 
aides  of  the  Mendipa,  and  near  Eieter. 

The  New  Red  of  Cumberland  ia  continuaua  with  the  aandslane  area 
of  South-eastern  Dumfriesshire;  but  the  red  sandstones  of  the  upper 
part  of  Annandale  (Corncockle  Muir,  Moffat,  &c.),  and  of  Dumfries  and 
|he  Tale  of  the  Nilh,  are  referred  by  Meaara,  Bianey  and  Haikoesa  J  to 
the  Permian  aeries.  In  Ireland,  Pstmian  fossils  hare  been  found  at  Cul- 
ira.^  near  Belfaat,  and  at  Artrea,|j  and  Roan  Hill,  Tyrone. 1  Ths  great 
breadlh  of  the  diatrict  of  which  the  Triassic  beds  form  the  aubaoii,  in  their 
western  expansion,  arises  &om  (he  New  Red  marls  and  sandstones  of  the 
Korth-weslem  and  the  Southern  counties  being  nearly  hoTiion(al  beds, 
for  the  most  part  free  from  overlying  deposila,  and  succeeding  (o  the 
disturbed  underlying  strata,  which  had  previously  been  thrown  up,  at 
various  and  often  considerable  angles,  into  lofty  groups  and  chains  of 
hills,  which  appear  like  so  many  islands  amidst  the  great  plain  of  Red- 
mart  (see  section  of  (he  Mendipa,  p.  522),** 

On  the  Continent,  the  Trtasaic  and  Permian  gronpa,  with  occa- 
aional  variations  in  the  strata,  may  be  traced  nearly  opposite  the 
Deronshire   coast,  akirling    the   palnoioic    rocks  of-  Brittany;    and 

•  A  valuable  paper  by  Murchison  and  Strickland  on  the  "  New  Red 
of  Qloucestenbite,"  &e.  will  be  found  in  Geol.  Transact.  Snd  series,  lei. 
T,  p.  331.    See  also  Unrchison's  Siluria,  p.  300,  SCc 

t  Lately  noticed  by  Professor  Ramaay,  Local  Director  of  the  (leolo- 
gical  Survey. 

t  Quart.  Geol.  Jonm.  vol.  ziL  p.  138,  and  p.  2S4. 

i  Jonm.  Geol.  Soc.  Dublin,  vol.  i.  p.  175.        |  Hid.  vol.  vii.  p.  67. 

%  Geol.  Proc.  ml.  ii.  p.  306 ;  Fortlock'a  Report,  Londonderry,  p.  466  { 
nnd  Quart.  Geol.  Journ.  vol.  iii.  p.  4. 

'*  See  also  the  map  of  the  Mendipa  iu  Da  1  >  Beche'a  Geological  Ob- 
eerver,  p.  478. 
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ID  the  Soutli-east,  underijing  (he  Jura-llmsatone,  and  conUuning  bedi 
of  gypsum  and  Md(,  they  occur  in  patdies  on  the  flonki  of  the  gceiaaic 
•irea  of  Central  France.  They  hare  a  great  extent  in  Central  Ger- 
many, BtTetching  from  the  Hunderiick  to  iLe  Voegea  on  the  weet  of 
the  Khine  Valley,  and  from  the  HarU  to  the  Bkck  Forest  on  its  east- 
ern Hide.  They  are  incsable  also  aa  a  lOde  on  either  aide  of  the  Alp*, 
la  SRXony,  Silesia,  and  Poland  there  are  isolated  tracks  of  these  Gtrala, 
but  they  prevail  in  the  north  and  east  of  Europeui  Russia ;  the  great  ex- 
lenaion  of  the  Magoesiui  limestone  seriee  over  and  around  the  Goiem* 
ment  of  Perm  having  suggested  to  Sir  S.  Murcbison  the  present  geo- 
logical naiDB  of  this  fbrmatian.  TriBsaic  roclia  are  known  in  several 
pans  of  Spain  and  Portugal.* 

The  Trias  of  Gennany,  distinct  iu  its  triple  character,  is  well  developed 
in  Bavaria  and  Wirtemberg.  Immediately  beneath  the  Lias  is  the  series 
termed  the  JCjKpn-.t  which  consisls  of  vnriegaled  red  and  green  mnrls 
and  sandstones,  containing  intercalations  of  salt  and  gypsum,  as  in  Eng- 
land, and  some  coaly  beds.  This  group  is  superimposed  on  a  fine  cream- 
coloured  "shell-limeslone,"  or  UuKlulAalk,  vhich  abounds  in  organic 
remains;  especially  in  that  beautiful  extinct  crinoideon,  the  Lily  encri- 
niie  {Li^n.  131),  which  is  exclusively  found  in  this  bed,  and  chiefly 
near  Brunswick;  the  MuacbelkaUt  ia  not  known  to  cccnr  in  England. 
The  lowermost  series  of  the  Trias  is  the  Bmtrr-SandMtein,  X  conaiating  of 
variegaled  sandstones  and  marls,  resembling  thoee  of  the  Keuper.  The 
lower  portion  of  the  Btmter  (Bunter-Scbiefer)  has  been  Beporated  iiom 
this  group  to  be  allacated  to  the  Permian  series.} 

In  the  United  Slates  of  North  America  red  sandstones  and  shalea, 
usually  referred  to  the  Trios,  occupy  the  lower  part  of  the  valley  of  the 

■  The  Geological  Map  of  Europe,  by  Murchlson  and  Nicol,  is  a  good 
guide  for  the  student  in  studying  Uie  extension  of  these  and  other  forma- 

^  In  Western  Europe  the  junction-beds  between  the  Lias  and  the 
Keuper  appear  to  be  a  thicker  development  of  the  "  Bone-bed,"  as- 
sociated with  some  shelly  bonds.  Towards  the  East,  these  are  found  to 
be  of  more  and  more  importance,  until,  in  the  Austrian  Alps,  they  thicken 
out  into  several  distinct  beds,  locally  known  as  Koessen-beds,  Dachstein- 
beds,  Hallstott-beda,  St.  Caasion-beda,  GuUenatein-beds,  and  Werfen- 
beds. 

J  Variegaled  or  spotted  aandatooe. 

{  See  Murchiion  and  Morris  on  the  Permian  rocka  of  Thnrinfia  and 
the  Hartz,  Quart.  Joum,  GeoL  Soc  voL  xL  p.  4'i6. 
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Connecticut,  ■nd  are  continued  into  New  lenej,  MaryluiiiTirginiK,  and 
NorlK  CwoIihk,  and  Bimilu-  itmta  occur  on  each  margin  of  the  Bay  of 
Fandj  and  in  Prince  Edward  Island.  These  red  wndataaea  are  assod- 
aled  in  aome  places  with  ooal-bearing  ahalea,  lometiroes  abounding  in 
plant-remains  Uid  AsHm  which  comprise  rorms  both  of  palnoioic  and 
Hcondar; types.  TheConnecticutsindstDiieaarainTetitedwithanextraor- 
dinary  degree  of  interest,  from  tha  abundance  and  variety  of  the  fool- 
printa  of  unknown  animali  with  which  the  surftce  of  acme  of  the  lami- 
nated aandstoDe*  ara  impressed;   a  phenomenon  we  shall  preaeDIly 

Some  traces  of  Permian  rocks  ha>e  heen  detected  in  Spitsbergent 
and  Uuschelkalk-fossiU  Imtq  been  detected  by  Capt  R.  Siradiejr  in 
the  Himalayas.* 

8.  BocK-SALT  Aim  BBiNB-BPonrea  ov  thk  Tbiab. — In 
England  and  Ireland  (Carrickfergu8),+  the  Triaa  is  tbe  chief 
repoaitory  of  aalt  or  chloride  of  Bodinm :  and  brine-apringa, 
irhicli  are  subterranean  atreama  of  water  impregnated  vith 
aalt  from  percolating  through  Baliferous  atrata,  are  abundant 
in  the  great  plain  of  the  red  marla  and  sandstouea  of 
Cheshire.  The  salt,  however,  is  not  nniforra  in  extent,  but 
occupies  limited  areas. 

Tbe  Baliferous  strata  of  Korthwich  present  the  following  series; — 

Ttt. 

1.  Uppermost  calcareoni  mart  ...     15 

2.  Red  and  blue  clays 120 

3.  Bedofroek-aalt.     ......    75 

4.  ClB.y,  with  reins  of  rock-salt     .    .    31 
b.  Second  bed  of  rock-salt   ....  Ill) 

Droitwich,  in  Worceaterahire,  which  is  sitnated  neatlyin  the  centre  of 
the  county,  has  been  celebrated  for  the  prodnclion  of  salt  Irom  its  brine- 
springis  fnnn  the  time  of  the  Romans ;  and  this  inexhaustible  fountain 
of  saline  water  has  continued  ever  since  flowing  up,  and  yielding  salt  in 

•  Quart.  Geol.  Joiim.  vol.  Tii.  p.  305. 

f  Two  beds  of  rock-salt,  underlying  upwards  of  630  feet  of  red  gypai- 
ferous  marl,  and  making  together  a  thicknea  of  more  than  1 20  feet, 
were  discoTered  at  Carrickfetgua  by  the  enlerpriae  of  the  Uarqui*  of 
DownshJK.    (Juke«,  Geology,  p.  245.} 
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undimiDudied  qoantitiei.*  It  is  probable  that  the  mannbcture  is  coeval 
vilh  the  town  itself;  but  it  was  not  until  the  ;eai  1725,  that  the  Btrong 
brine  for  which  it  is  now  iiuDoua  was  discovered ;  from  one  apiiag  alone, 
the  enormous  quantity  of  a  thousacd  tons  of  salt  have  been  obtained  per 
week-t 

Ac  a  distance  of  rrom  thirty  or  forty  feet  below  the  sniface  (here  is  * 
bed  of  hard  gypsum,  about  150  feet  thick;  through  thia  a  small  hole  if) 
bored  to  the  river  of  brine,  which  is  in  depth  about  twenty-two  inches, 
and  beneath  which  is  rock-salt.  The  brine  rises  rapidly  through  the  aper- 
ture, and  ia  pumped  into  a  capacious  reservoir,  whence  it  is  conveyed 
into  Iron-boilers  tor  evaporation:  it  is  supposed  to  be  stronger  than  any 
other  in  the  kingdom,  and  contains  above  one-fourth  part  its  weight  <^ 
salt.  One  of  the  shafla  is  sunk  to  a  depth  of  nearly  ACO  feet,  and  passes 
through  four  layers  of  salt,  85  feet  in  aggregate  thickness.  Some  of  the 
beds  of  salt  in  Cheshire  are  from  70  to  I2U  feet  tiiick.  A  red  sondstolie, 
conlaining  vegetable  remains,  forms  the  foondation-rock  of  the  saliferoui 
deposits  of  England.  { 

4.  Osiats  OF  BoGE- SALT.— The  origin  of  theee  enormous 
eabterraneaa  beda  of  rock-salt  is  as  enigmatical  as  that  of 
the  saltnesa  of  the  waters  of  the  ocean.  But  deposits  of 
salt,  though  prerailbgin  England  and  the  Continent  in  the 
formation  under  examination,  are  not  confined  to  any  parti- 
cular group  of  strata.  The  celebrated  salt-mines  of  Ghtlida 
(see  p.  289),  and  numerous  salt-works  in  Persia  and  'West- 
em  Asia,  are  made  in  tertiary  strata ;  §  while  in  the  State 
of  New  Tork  salt  and  gypsum,  with  variegated  marls,  are 

■  The  Bomans  imposed  a  lax  on  the  Britons  who  worked  the  Droit- 
widt  salt-mines,  and  made  salt  a  part  of  the  pay  of  their  soldieis'  loia- 
rium,  or  salary.  Hence  the  custom  of  asking  for  sale  at  the  Eton 
tioDtem.~Gtoloiiy  of  England  and  Walei,  p.  282. 

t  From  Ut.  R.  Hunt's  Report  in  the  Mining  Records  we  leam  (bat 
the  quantity  of  white  salt  manubctmed  from  biine  in  the  districts  of 
WansTord  and  Northwich  (Cheshire)  in  1855  was  834,514  tons ;  at  Droit- 
vich  and  Stoke  (Worcesiershire),  170,000  tons. 

X  Pot  an  interesting  account  of  the  salt-works  at  Droitwich,  see  Mr. 
Hugh  Miller's  "  Impressions  of  England  and  its  People,"  p.  179. 

{  According  to  Dr.  A.  Fleming,  the  salLferous  beds  of  the  Salt-Bangs 
in  the  Punjaub  are  of  the  Devonian  sge. 
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found  in  the  Silarian  Bystem.*  It  is  to  be  reinariied,  that 
deposits  of  diloride  of  sodium  nre  abnoat  always  accompa- 
nied with  layers  and  intercalations  of  gypsum  ;  and  the  cir- 
cumstance of  two  powerful  acids,  the  sulphuric  (in  the 
gypsum  or  sulphate  of  lime),  and  the  hydrochloric  (in  the 
chloride  of  sodium),  being  so  largely  and  uniformly  pres«it, 
seems  to  indicate  a  common  origin ;  both  occur  abundantly 
as  volcanic  products.  In  a  more  advanced  state  of  chemical 
science,  this  fact  may  probably  tend  to  the  elucidatdon  of 
the  question  under  consideration. t 

The  gypaom  associated  with  rock-salt  is  considered  by 
several  eminent  observers  to  be  anhydrous,  that  is,  entirely 
&ee  from  water,  before  exposed  to  moisture.  The  great 
beds  of  gypsum  that  occur  with  rock-salt  at  Bex,  in  Switz- 
erland, were  found  by  M.  Charpentier  to  be  anhydrous 
when  laid  open  to  the  atmosphere.  Hence  Mr.  Bakewell 
suggests  that  the  consolidation  of  the  salt  and  gypsum  must 
hare  been  efibcted  in  such  casee  by  heat,  for  there  is  no 
conceivable  mode  of  aqueous  deposition  that  could  form 

*  In  tho  middle  of  tlie  hariiDiitd  Siliuun  rocks  of  the  State  of  Maw 
York,  Uiete  i*  a  fbrnuUioa  of  red,  ^reen,  and  blaiidi-gTej  marls,  with 
beds  of  ETpauin  and  occaaional  nlt-apringi,  the  wliole  being  from  800  to 
1000  feet  thick,  and  undiilinguiahable  in  miaeral  diaraclcr  from  parts  of 
the  Ttfu  of  Enrope.— LysS*!  Trateti  in  Anuriea,  p.  M.  See  also  J. 
Hall's  "  Geology  of  New  York,"  4ta,  1843,  for  uoljce*  of  the  salines 
and  sTpMin  in  the  Medina  and  the  Onondaga  rocks. 

f  In  treating  of  the  gypaiferons  rodu  that  OTeriia  the  nnmmuUtic  series 
in  Turkey  and  Persia,  Mr.  W.  K.  Loftus  has  niggested  that  Tolcanic 
action,  luddanly  altering  (he  level  of  the  aea-bed  and  discharging  sul- 
phuric vaponrs  into  the  sea,  might  have  caiuod  llie  deposition  of  (he  gyp- 
seous beds,  by  the  chemical  change  of  the  calcareous  matter  held  in  solu- 
tion in  the  water ;  and  that  the  usual  absence  of  animal  remains  in  such 
deposits  might  be  Bimilsrty  accounted  for.  Mr.  Loftoa  also  rerers  to 
volcanic  agency  as  the  probable  cause  both  of  the  formation  of  Ibe  rock- 
■alt  of  the  Plain  of  Khoi  (about  80  miles  mnth  of  Ararat),  and  of  the 
•xceraive  saltnesa  of  the  Lake  Ummia.  Quart.  Oeol.  Joum.  vol.  zi. 
pp.  %S,  307,  and  309. 


DgilizeclbvCoOglC 


1 4.  OBiant  OF  KOCK-eALT.  °^ 

anbydrotis  gypsum.*  The  red  colour  of  the  salt  and  marts 
IB  occasioned  by  oxide  of  iron,  which  may  have  been  deriTed 
from  decompoaed  Tolcanic  rocks. 

That  toHnj  of  iha  deposiu  of  salt  m&y  hare  oHginited  simplj  from 
the  eTaporstion  of  sea-water  pent  up  in  logons,  Ukea,  oi  mland  seas,  U 
a  geDerally  received  and  not  improbable  anppoeition  ;  but  the  absence  of 
marine  Drganiama  of  any  kind  has  been  regarded  as  a  formidable  objec- 
tion to  this  hypothesis.^  Another  difficulty  presents  itself  in  the  enor- 
mous thickness  of  man;  of  the  beds  of  salt ;  which,  if  coosideied  as  ihe 
solid  residuum  of  sea-water,  must  hare  required  a  bod;  of  fluid  incoa- 
ceivably  great ;  unless  we  suppose  the  seas  of  those  ancient  periods  to 
haie  contained  a  much  larger  proportion  of  saline  ingredients  than  the 
present, — an  inference  foi  which  there  are  no  reasonable  grounds  whal- 
e*er.  If  we  imagine  succeesiTe  subsidences  of  a  given  area  to  have 
taken  place,  the  altemationa  of  beds  of  marls  with  layers  of  salt  of  rari- 
able  thicknena  may  be  eiptained  ;  but  the  difficulties  above  mentioned 
remain  in  full  force.  As  gypsum  X  ■i>d  ^^  chlortdea  of  sodium  oreolleit 
sublimed  from  .tolcanic  vents,  an  igneous  origin  has  been  ascribed  to 
many  of  the  beds  of  salt  and  sulphate  of  time.  Gypsum  is  unquestion- 
ably, in  many  instances,  a  metamorphosed  substance;  for  sulphurous 
fumes,  acting  on  beds  of  clay  containing  shells,  convert  the  time  into 
selenite ;  and,  acting  on  limestone,  convert  it  into  fibrous  and  compact 
gypsum.  Many  tertiary  gypseous  deposits  hare  evidently  originated 
I'rom  this  cause:  bul  crystals  of  gypaum  are  also  abondanll;  found  in 

■  Mr.  Bokewell's  "  Inlioduetion  (o  Geology  "  Cblh  edit.  p.  2S9)  c«n- 
tains  an  interesting  review  of  this  problem,  and  an  account  of  the  most  iia- 
porlant  deposits  of  nU. 

t  It  cannot,  however,  be  wilh  certainly  determined,  whether  the  ab- 
sence or  paucity  of  fossita  in  a  deposit  is  owing  to  an  actual  reduction 
of  the  amount  of  life  in  iha  seas  of  a  gJTen  area,  or  to  the  mineral  cha- 
racter of  the  strata  not  having  been  favourable  to  the  preservation  of 
organic  remains. 

X  GyiibUin,  or  sulphate  of  lime,  consists  of  sulphuric  acid,  4S'31 ; 
lime,32'30;  and  water,  20-79.  The  massive  gypsum  is  called  .Hoiarter  ; 
the  ttiinnparent  gypsum,  Stienitt;  powdered  calcined  gypsum  &rm* 
Plaiter  of  Parit,  The  fibrous  gypmrn  ha*  ■  ailky  lustre,  and  U  osed 
for  eai-rings,  brooches,  and  other  ornamenla.  Fibrous  gypsum  of  great 
beauty  riccura  in  Deibyahire:  veins  and  masses  of  this  ittbuanc*  abound 
in  the  red  marls  bordering  the  valley  of  the  Trent. 
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b«lU  conUining  pyrites,  from  the  decompoaition  of  tlM  nlphide  of  iron, 
uid  the  formMioD  of  eulphate  of  lime  from  the  action  of  the  liberated  nil- 
phuric  *cid  on  the  caloieoui  m&terials.'  In  many  parts  of  SicUy, 
Ttiponrt  chared  withiulphnric  tcid  ere  comtantl;  emanating;  ftoin  vend 
or  fumarolea,  as  (hey  ar«  lenned,  tnd  throw  down  large  deposits  of  sul- 
phur and  gypenm  ;  and  the  fumes  of  sulphur  and  boracic  acid  escape  in 
mch  quantities,  that  tile  peasants  put  pots,  and  often  ber-hiTes.  orer  the 
famaroles,  and  Ihua  collect  abundance  of  sulphor  and  boraric  acid.  In 
Tuscany,  boracic  acid  is  obtained  from  jeta  of  vapour  which  force  their 
way  through  secondftry  rocha  in  contact  with  serpentine, + 

The  connexion  between  volcanic  action  and  the  formation  of  gypsnm 
seems  also  pmnted  out  by  the  fact,  that  in  North  Amerira,  where  vol' 
canic  rocks  are  not  aaaocialed  with  the  coal-measures,  there  are  no  beda 
ofgypaiua;  but  in  Nora  Scotia,  where  igneous  rocks  are  interpolated 
beneath  the  coal,  there  are  extensive  gypseous  depcsila.  Sir  C.  Lyell, 
after  a  careful  review  of  the  phenomena  exhibited  by  these  gypsiferons 
sliBia,  eiprewea  his  conviction,  that  the  production  of  gypsum  in  the 
Carboniferous  sea  was  intimately  connected  with  volcanic  action,  whe- 
ther in  the  form  of  stiifas  or  healed  vapours,  or  of  hot  mineral-springs,  or 
some  other  eOects  of  sub-marine  igneous  eruptions. 

It  may  be  also  remarked,  that  the  variensled  appearance  of  the  marls 
— red,  pink,  bloe,  yellow,  dun.  Ac. — of  tbe  Trias,  aeemt  la  have  been 
produced  by  the  chemical  effects  of  vaponrs  or  fluids  charged  with  tul- 
phuric  or  chloric  acid;  at  least  the  same  change  is  induced  on  the  ter- 
tiary marls  of  the  Lipari  Isles  by  tbs  gaseous  emanationa  and  vapours  of 
the  fumaroles  and  hot  springs. 

6.  Thb  Chelteithau  Watebs. — la  certain  localitiea 
where  the  marls  of  the  Triae  are  covered  by  other  beda, 
and  the  salme  eprings  force  their  way  to  tbe  aurface  through 
the  Buperincutnbent  depoeite,  chemical  changes  take  place 
in  these  Bolutiona  of  chloride  of  sodium,  which  thus  acquire 

■  See  Hr.  Morris's  paper  in  Hag.  Nat.  Hist.  1838,  p.  43.  Recent 
railway-sntbankments  of  shelly  clays  (such  as  the  Loudon,  Kimmeridge, 
and  Oxford  Clays)  often  exhibit  this  phenomenon,  and  are  liable  to  give 
way  from  their  consolidation  being  thereby  prevented. 

t  See  a  highly  inlerasting  Hemoir  on  the  Geotogy  of  some  parts  of 
Tnscany,  by  W.  J.  Hamilton,  Esq.,  Quart.  Gn^.  Joamal,  vol.  i.  p.  274 ; 
alio  Sir  R.  Huichison's  description  of  the  Tuscan  fumarote*  and  mffioni. 
Quart.  Geol.  Joum.  vol.  vii.  p.  367. 
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other  properties,  and  become  what  are  termed  mineral- 
waters ;  such  ie  the  origia  of  the  celebrated  Cheltenhun 
waters.* 

The  town  of  Cheltenham  is  built  on  Lias  clajs  and 
marls,  beneath  which,  but  at  a  great  depth,  lie  the  Triaa- 
sic  deposits,  the  reserroir  of  the  rock-salt  and  brine-springR, 
whence  the  mineral  waters  have  their  origin,  and  derive 
their  saline  ingredients;  but  these  undergo  various  modifi- 
cations in  their  passage  to  the  surface  through  the  superin- 
cumbent beds  of  Lias,  which  are  full  of  iron-pyrites,  and 
sulphate  of  lime.     "  From  the  analyses  of  these  waters  by 


several  chemists,  it  appears  that  their  principal  constituents 
are  the  chloride  of  sodium,  or  sea-salt,  and  the  sulphates  of 
soda  and  magnesia ;  sulphate  of  lime,  oiide  of  iron,  and 
chloride  of  magnesium  being  present  in  some  wells  only,  and 

in  much  smaller  quautitiet^ Besides  these  ingredients, 

iodine  and  bromine  have  been  detected  by  Dr.  Daubeny,  who 
endeavoured  to  ascertain  whether  these  two  active  princi- 

•  See  Sir  K.  I,  Murehiion's  description  of  Ihe  minenil-apriiigs  oT 
Glouceatertliire  and  Worcestershire,  "  Silurian  System,"  p.  34  ;  and  in 
bia  "  Geolt^  of  Cheltenham,"  2nd  edit.  p.  63.  The  Liaa  and  Trias  of 
ihii  district  are  deacribed  in  full  detail  in  like  Sil.  Stftt.  pp.  16,  &c. 
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pies,  which  the  French  chemists  had  recently  discovered  in 
modern  marine  productions,  did  not  also  exist  in  mineral 
Bait  waters  isHuing  from  strata  which  geologists  consider  to 
have  been  formed  beneath  the  sea." 

As  the  saline  springs  of  the  red  marb  rise  up  through 
the  Lias  (X^.  128),  they  undergo  certain  chemical 
changes.  From  the  decomposition  of  the  sulphate  of  iron 
which  takes  place,  a  vast  quantity  of  sulphuric  acid  must  be 
generated,  which,  reacting  on  the  different  bases  of  magnesia, 
lime,  &c.,  contained  in  the  strata,  forms  those  sulphates  so 
prevalent  in  the  higher  or  pyritous  beds  of  the  Lias;  the 
oxide  of  iron  being  at  the  same  time  more  or  less  completely 
separated.  By  this  means  the  mineral-waters,  which  are 
probably  mere  brine-springs  at  the  greatest  depths,  acquire 
additional  medicinal  qualities  as  they  ascend  to  the  places 
whence  they  flow.  At  the  same  time  it  must  be  home  io 
mind  that  fi-eah  water  is  continually  foiling  from  the  atmoe- 
phere  upon  the  surface  of  the  Lias  clays,  and  percolating 
through  the  uppermost  strata. 

6.  CoNaLOUEBATEB  OF  THE  Tbuh.— The  Conglomerates 
of  this  formation  are  chiefly  composed  of  pebbles  and 
detritus  derived  from  the  destruction  of  igneous  and  meta- 
morphic  rocks,  as  slate,  quartz-rock,  granite,  porphyry^ 
Ac. ;  and  the  fine  siliceous  sandstones  contain  a  large  pro- 
portion of  such  debris.  It  would,  therefore,  appear  that  the 
sea  which  deposited  the  sallferous  group  was  bounded  by 
the  rocks  of  whose  ruins  it  is  composed ;  in  like  manner  as 
the  existence  of  beaches  of  flint -pebbles  evinces  the  destruc- 
tion of  former  chalk-cUfis. 

The  rock  on  which  Kottinghun  Castle  is  built  is  a  con- 
glomerate formed  of  the  ruins  of  the  ancient  rocks  of  the 
neighbouring  districts.  The  rounded  pebbles  of  quartz, 
lydian  stone,  granite,  jasper,  porphyry,  slate,  &c.,  seem  to 
have  originated  from  rodu  formerly  connected  with  the 
range  of  Chamwood  Forest.    Still  nearer  the  Chamwood 
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hills,  the  finest  sandstoDe  cootains  fragmeats  of  slate.  Mr. 
Bakewell  was  of  opinion  that  a  large  proportion  of  the  ma- 
terials of  the  Triassic  strata  was  derived  from  trap  and  other 
igneous  rocks ;  and  that  the  red  marl  was  the  debris  arising 
from  the  decomposition  of  the  less  indurated  volcanic  pro- 
ducts ;  h«nce,  probably,  the  extreme  fertility  of  the  soil." 

7.  Oboanio  BBKAisa  or  the  Tkias.  —  This  formation 
presents  a  remarkable  contrast  with  that  of  the  Jurassic,  in 
the  paucity  of  oiganic  remains ;  for,  while  the  latter  teems 
with  marine  fossils,  the  former,  throughout  immense  areas, 
is  almost  wholly  destitute  of  any  vestiges  of  animals  or 
vegetahlea  ;  a  proof  that  the  strata  were,  for  the  most  part, 
accumulated  under  condittona  uniavourable  for  the  preserv- 
atioa  of  organic  structures.  Several  Fucoidal  plants, 
between  thirty  and  forty  species  of  Fema.t  nearly  twelve 
of  GycadesB^  and  about  fourteen  referable  to  Coniferse,  have, 
however,  been  obtained  and  determined.  Among  these 
are  fronds  jof  a  plant  bearing  some  resemblance   to  the 


Adder's  tongue  {A^tenium  teolopendrium),  so  common  on 
the  banks  of  our  woods  and  copses ;  a  specimen  discovered 
by  M.  Toltz  exhibits  the  fructification  on  the  back  of  the 
leaf  {_Iayn.  129).     But  the  most  characteristic  plants  of 

•  Introduction  lo  Geology,  BfUi  edition,  p.  279. 

t  Fngmeots  of  tlie  lurge  fionds  of  tlie  Anomopierit  Uaugeoti,  fram  the 

Buntet,ue  figmed  iu  the  Mtdab,  vol.L  p.  117,  and  Pttri/actiaiu,  p.  3'J. 

2  H  2 
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the  TrisMic  flora  are  Conifene,  belonging  to  a  getiiie  named 
Voltzia,*  wbicli  differ  from  any  now  living,  but  somewbat 
resemble  the  Araucaria,  or  Norfolk  Island  pine.  ^Fragments 


of  these  fossU  plants  are  frequent  in  the  greenish  marls  near 
Strasburg :  two  specimens  of  portions  of  brsncbes  are  figured 
in  Lign.    130;  Jig.  2  shows  the  fructification .f     Several 

*  From  the  late  Mr.  Volii  of  Straobarg,  by  whom  they  were  first  dis- 
coTered. 

t  See  Essai  d'une  Flora  da  Gt^b  Bigsir^;  pai  M.  Ad.  BroDgn[Brt, 
Ann.  Sciences  Nal.,  1628. 
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species  of  equieetaceous  plants  (^QUamitai  and  Equuetitet) 
abound ;  one  of  which  is  probably  the  E.  eolumfiarU  of  the 
Lower  Oolite. 

A  very  remarkoible  fossil  {ISctyophyllum  crattinervuni') 
has  been  found  in  the  Triassic  sandstone  near  Liverpool;  it 
is  It  leaf  of  considerable  size,  bearing  a  strikiag  reaembiauce 
to  the  foliage  of  some  of  the  thick-ribbed  cabbages. t  I  will 
only  add,  that,  as  a  whole,  the  flora  of  the  Triaa,  or  Kew 
£ed,  present*  a  general  character  by  which  it  is  separated 
^ke  firom  the  vegetation  of  the  older  formations  below,  and 
of  the  Lias  above,  though  showing  a  strong  affinity  to  that 
of  the  latter. 

S.  Cbustacea,  Molluboa,  and  Cbihoidka. — Crustaceans 
are  rwe  in  the  Trias,  with  the  esception  of  one  genus  of 
small  bivalv^d  entomostracana,  allied  to  the  recent  Eglheria, 
and  commonly  confounded  with  the  molluecan  ^osidonomt/is. 
This  little  Ektkeria  (Pogidonomi/a  minula)  is  characteristic  of 
the  Keuper  deposits  of  England  and  the  Continent ;  and 
similar  fossils  occur  in  the  red  shales  of  Virginia  and  Penn- 
eyhania-i  M.  Schimper  §  has  figured  and  described  some 
Xiphosiu«a  or  Limulus-like  Crustaceans  from  the  Trias  of 
Alaace.  Polyptferous  zoophytes  or  corals,  which  are  so  abun- 
dant in  the  Jurassic  formation,  are  very  rare  in  the  Triaa.| 
The  shells  comprise  a  few  species  of  Cardium,  Trigonia,  Mya, 
Flagiostoma,  Oatnea,  Pecten,  Avicula,  Terebratula,  and 
other  BivalTes,  with  several  Gasteropoda,  some  Nautili,  and 
numerous  Anynonites  and  Ceratites.ir   The  Badiaria  consist 

"  The  "thiclc-DSTTed  net-leaf." 

t  Lmdley't  Fobs.  Flora, pi.  201,  uulHareIiisaii'B,"3ilu[i*ii  System," 
p.  43. 

t  See  Ht.  Jones's  Notice  of  lliis  fossil  in  the  Quart.  Geol.  Journ.,  vol. 
xii.  p.  376. 

f  Mem.  Mug.  Hist.  Nat.  SirasbourR,  vol.  iv.  18.W. 

Q  One  or  two  species  occur  in  the  Musthelkiilk.  snd  two  in  the  Hnll- 
autt-beds,  of  the  Austrian  Alps;  Denksch.  Akad.  Wien,  vol.  ix.  p.  1G7. 

Y  Medals,  vol.  u  p.  463. 
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of  a  few  Stai^fieheB,  Cidaridee,  Pentacrinitea,  and  Encrinit«s. 
i}(  the  latter,  a  moat  beautiful  form  of  this  family  of  Crinoi- 


deans  is  excluBiyely  found  in  the  Mtischelkalk,  uainely,  the 
Lilff  Encrinite  {Lign.  131),  so  named  from  the  supposed 

•  Firat  flgiired  and  described  by  Schlnlheim  ;  and  Bobseqiiently,  as 
E.  moniliformU,  by  Miller.  Baron  von  Sirombeck  has  wriilen  an  in- 
leresling:  description,  with  illustrations,  of  the  delbrmitieB  of  ihia  species 
in  the  ■'  Paltconlographica,"  vol.  iv.  p.  1Q9. 
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reeemblance  of  the  uiimal,  when  in  repose,  to  a  closed  lily : 
in  the  lecture  on  Zoophytes,  &c.,  I  shall  describe  this  elegant 
fossil  more  particularly:  the  specimens  hitherto  obtained 
are  from  the  neighbourhood  of  Brunswick. 

9,  Fishes  of  the  Tbiab.  —  The  bone-bod  that  inter- 
vened between  the  Lias  and  Trias  (aee  p.  624),  contains 
teeth  and  dorsal  rays  of  numerous  small  fishes  of  the  genera 
Acrodug,  Ceraiodut,  Oyrolepis,  Hybodtu,  Nemacantfiut,  and 
SauricMhU ;  simile  remains  occur,  although  but  rarely,  in 
the  sandstones  and  conglomerates.*  Only  one  species  f  of 
the  Palieoniscus,  a  genus  of  fishes  common  in  the  Permian 
and  Carboniferous  formations, has  been  identified  in  the  TriHs. 

10.  Keptiles  of  the  Tkias. — The  Triaasic  strata  not 
only  contain  teeth  and  bones  of  several  remarkable  reptiles^ 
but  also  bear  the  foot-marks,  or  imprinta  of  the  feet,  of 
many  animals,  both  biped  and  quadruped,  of  whose  eiist- 
enee  no  other  traces  have,  as  yet,  been  discovered.  Although 
the  true  geological  position  of  some  of  the  strata  bearing 
such  imprints  is  somewhat  doubtfiil  (for  some  geologists 
question  whether  a  great  part  of  the  so-called  !New  Eed  of 
North  America  may  not  be  referable  to  the  Permian  group), 
whilst  others  associate  it  with  the  Jurassic  series,  it  will  be 
convenient  to  notice  the  phenomena  in  question  in  this  place; 
I  will,  therefore,  first  describe  the  reptilian  remains,  and 
afterwards  examine  the  fossil  foot-marks. 

Bones  of  several  species  of  Ichthyosaurian  and  Plesiosau- 
rian  reptiles  have  been  found  in  the  Triassic  strata  of  Wir- 
temberg  by  Dr.  Jaeger  of  Stutgard.    But  the  most  extraor* 

■  Fuh-leeth  and  Iclitb;odonilite9  have  been  found  in  tbe  conglomer- 
Bte  of  (he  Keuper  at  Pendock,  by  tbe  Rev.  Mr.  Symonds  (Quart.  Geo). 
Joum.  vol.  xi.  p.  451)  ;  and  in  the  grilty  sandalone  neai  Warwick,  by 
the  Rev.  Mi.  Brodie  {Ibid.  yoI.  xii.  p.  374).  A  Tery  peculiar  and  bomo- 
cirque  fish  {DipUronotta  cyphvt)  has  been  figured  and  described  by 
Sir  P.  E|^r(on  from  the  Buntei-sandslone  of  Bromsgrove.  {Quart.  Oeol. 
^0um.  Tol.  X.  p.  367). 

t  I'oiacnucut  ngieritei,  Egerton ;  Geol.-  Proceed.  June,  1857. 
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dinaiy  reptiliaii  remuuB  discorerad  in  tlutt  conotry  and  de- 
scribed by  the  same  eminent  phyaician,  H.  von  Meyer,  and 
BurmeiBter,  belong  to  enormous  Sftiuro-balavchUns,  or  ani- 
malB  allied  both  to  CrocodiliaiiB  and  the  Frog-tribe.  The 
prindpal  foesila  conaist  of  portions  of  the  cntnium,  jaws 
with  numerous  teeth,  and  an  occipital  bone,  with  a  double 
articulating  surfitce,  —  a  proof  of  its  batrachian  affinity. 
Teeth,  portions  of  the  skuU  and  jaws,  and  a  few  other 
bones,  of  similar  extinct  Sauro-batrachian  or  Xiabyrinthodont 
reptiles  have  also  been  found  in  Warwickshire,  and  have 
been  described  by  Professor  Owen. 

11.  Thb  Labtblsthodok." — The  teeth  of  the  gigantic 
reptile  of  "Wirtembei^  t  (some  of  which  are  two  inches  loag), 
and  those. from  Warwickahireif  are  of  a  gently  curved  coni- 
cal shape,  and  possess  a  remarkable  complicated  character, 
produced  by  the  convergence  of  numerous  labyrinthine  folds 
of  the  extern^  layer  of  cement  towards  the  pulp-cavity ;  and 
within  these  inflections  the  dentine,  or  tooth-ivory,  is  simi- 
larly disposed.  Transverse  sections,  therefore,  display  the 
most  beauti&l  interfoldings  of  the  two  substances ;  and,  as 
the  fossils  are  generally  deeply  colonred  by  iron  or  manga- 
nese, they  exhibit,  under  a  slightly  magnifying  power,  mi 
extremely  interesting,  appearance ;  §  this  peculiarity  of  or- 
ganization suggested  the  name  assigned  to  this  peculiar 
genus  of  fossil  reptiles. 


*  Hedob  of  Creation,  vol.  ii.  p.  741. 

t  Dr.  Jaeger  g»e  the  nsmei  of  Salamandroidei  uid  UatlodmOoiaavt 
to  the  Labjrrinllunlont  animal  of  Wirtemberg. 

X  According  to  Prof.  Ramuy  (Joum.  Geo).  Soo.  vol.  xi.  p.  198), 
nme  at  leaat  of  the  LHbjriDthodont  remaioa  found  in  WuwickBhire 
occur  in  Permian,  and  i:dI  Triasaic  atrau. 

*  Hedili  of  Creation,  vol.  ii.  \:  7-U,  P.M.  fig.  3.  See  Pni .  Owen's 
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Kide  ind  shallow  tiutl  eaTitj,  Bcpusted  from  Ihe  caritj  of  Um  niontli  b;  a 
broad  Bod  almost  canlinnDUB  taoruuntal  palatal  flooring.  It  is.  therefore, 
inrerred  Uiat  theM  reptiles  breathed  air  like  the  ctqcodilei,  and  were  pro- 
bably furaiahed  with  well -developed  ribe ;  tbiu  these  early  repreaonta- 
tives  of  the  Batracbians  belong  to  a  higher  condition  of  structure  IbiUl 
■ny  trae  Batrachia  now  known  to  exist.*  Tbe>«  gigantic  Siuro-ba- 
trachiana  miut  bare  borne  the  same  relation  in  magnitude  to  the  diminu- 
tive exisliog  members  of  the  frog-tribe,  ai  the  extinct  colossal  Mosa- 
•aur  and  Igoanodon  to  the  recent  Uonltor*  and  iguanas.t 

Cladyodon.  —  Several  detacbed,  pointed,  trenchant,  re- 
curved teeth,  the  crowns  of  vrhicli  are  an  inch  long,  and 
five  lines  broad  at  the  base,  have  been  found  in  the  War- 
wickshire sandstone.  They  closely  agree  with  the  teeth  of 
the  Thecodont  reptiles  of  the  Permian  ;  but  Professor  Owen 
regards  them  as  generically  distinct,  and  has  named  the 
reptile  to  which  they  belonged  the  Cladt/odon.\ 

12.  BBlNCHOSAUKirs. — The  New  ^i^A  sandstone  quarries 
at  Grinaill,  in  Warwickshire,  have  yielded  the  remains  of  a 
very  anomalous  modification  of  reptilian  organisation,  com- 
bining the  lacertian  type  of  skull  with  edentulous  jaws. 
The  general  aspect  of  the  cranium  resembles  that  of  a  bird 
or  turtle ;  the  intermaxillary  bones  beiog  very  long,  and 
curving  downward,  thus  imparting  to  the  fore-part  of  the 
head  the  profile  of  a  parrot.  There  are  no  teeth  apparent  in 

descriptions  and  figures,  Geol.  Trans.  2  ser.  to[.  vi. ;  Odontography,  p. 
195;  and  Cyelr^.  Anat.,  Art.  Terlh. 

*  "  As  in  the  existing  diTeraified  order  of  Batrachis,  one  family 
{PtrttmitroHchiala)  represents  Fishes, — a  second  (Cedjtiuiir),  Serpents, 
— a  third  genua  {PQia),Cbe[oniaaB,—anda  fourth  (SnJiwwni^),  Lizards, 
— so  would  the  now  lost  Labyrinlhodonts  have  formed  Baliachian  repre- 
sentatives  of  the  highest  order  of  Reptiles,  vii.  ihe  Crocodilians." — Pmf. 
Owm,  H>  Brit.  Aitoe.  Btp.  1841,  p.  197. 

t  The  retaliie  proportions  of  oil  these  great  reptilian  moniters  can  be 
easily  studied  in  the  Crystal  Palace  Gardens,  where  Mi.  Walerhouse 
Hawkins  has  so  boldly,  truly,  and  artistically  wrought  into  tangible 
■hspe  the  ideas  of  the  comparative  anatomist. 

X  Report  on  British  Foenla,  Rep.  for  1S41,  p.  155. 
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either  jav,  and  Professor  Owen  aupposes  that  this  reptile 
may  have  had  ita  jaws  encased  by  a  bony  or  homy  aheath, 
aa  in  turtles.  Footmarks  of  a  small  reptile,  with  the  print 
of  a  hind-toe  pointed  backwards,  occur  on  the  enrface  of 
some  of  the  slabs  of  sandstone  in  these  quarries,  and  are, 
with  much  probability,  conjectured  to  have  been  impressed 
by  the  Shynchosaurus.* 

13.  DiCTSODOK. — ^Although  the  geological  position  of 
the  strata  whence  the  epecimens  were  obtained  is  somewhat 
uncertain,  yet  the  relation  between  the  reptiles  whose  re- 
mains  I  am  about  to  describe  and  that  last  mentioned  in- 
duces me  to  notice  them  in  tjiis  place.  The  fossils  in  ques- 
tion were  collected  by  Mr.  Bain,  in  hard  limestone-nodules 
occurring  in  a  sandHtone,  supposed  to  belong  to  the  Triassic 
system,  in  South  Alrica,t  and  were  sent,  with  many  other 
specimens  of  undescribed  reptiles,  to  the  Geological  Society.} 
The  principal  remains  hitherto  cleared  &om  the  rock  belong 
to  reptiles  having  a  flat  cranium,  with  nostrils  divided  as 
iu  hzards,  and  not  confluent  as  in  turtles,  which  otherwise 
the  skull  in  its  general  appearance  much  resembles.  The 
orbits  are  very  large ;  the  jaws  are  edentulous,  as  in  the 
Ehynchosaurus  above  described,  with  the  exception  that  the 
upper  jaw  possesses  a  pair  of  long  tusks  §  implanted  in  sock- 
ets, like  those  of  the  Walnu.  The  vertebne,  as  in  most  of 
the  extinct  saurians,  are  sub-biconcave.  This  marvellous 
type  of  reptilian  structure  is  perfectly  unique. 

■  GtuDbridgePhilosaphicKlTransact.vol.ni.p.aaS;  Medals,  p.  713. 

t  See  Mr.  B»in's  Memoirs  on  the  Geology  of  this  repoD,  and  Prof. 
Oven's  detailed  deacriptiom  of  the  several  species  of  Dicynodon,  in  tlie 
7lh  vol.  of  the  Ueol.  Traiuact.  2iid  series,  1345-37  ;  and  in  the  Deacript. 
Catal.  Fosa.  Rept.  and  Pisceii,  Roy.  Coll,  Surgeons,  IS54,  p.  61).  See 
also  JfKJo/.,  vol.  ii.  p.  714,  &c 

t  TtaU  calleclion  baa  been  deposited  in  the  British  Hoaenm;  and 
■eveial  of  the  spedmena  have  been  perfectly  cleared  by  Mr.  Dew,  and 
others  will  be  exposed  before  long, 

§  Hence  the  name  Diegnadoit,  "  two  canine  teeth." 
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The  Aeroaaurut  is  another  extraordiiuuy  fossil  reptile 
from  the  same  locality.  It  has  thirty  or  forty  teeth  on  the 
alveolar  ridge ;  and  a  broad  process  of  the  malar  bone  ex- 
tending downwards  over  the  side  of  the  lower  jaw,  as  in  the 
Q-lyptodon  (see  p.  171).  Prof.  Owen  has  described  specimens 
of  the  Tertebrn  of  three  other  genera  of  great  fossil  Lacer- 
tia  from  the  same  peculiar  South  African  formation.  These 
wt&the'  3£agiiogpoiidylut,  Pachi/ip<mdyltu,AaA Lepto»ponA/lu» ; 
collected  by  Dr.  Orpen,  in  the  Drakenberg  Mountains.* 

14.  IcHKOLiTES,  OB  FoBBiL  FooTBTKPS.  —  Some  yenrd 
since,  the  attention  of  geologists  was  escited  by  the  dis- 
covery of  imprewionB  of  the  footsteps  of  quadrupeds  on  the 
surface  of  the  red  sandstono'l'  at  Corncockle  Muir,  in  Dum- 
friesBhire.}  The  imprints  resemble  those  made  by  the  paws 
or  pats  of  land-tortoises.  Entire  tracks  of  these  imprints, 
indicating  the  alow  progression  of  a  four-footed  animal,  ap- 
pear on  some  of  the  slabs.  On  one  block  of  Bandstone  there 
were  twenty-four  eonsecutive  impressions  of  feet,  forming  a 
regular  track,  with  aii  distinct  repetitions  of  the  marks  of 
each  foot;  the  fore-feet  differing  from  the  hind-feet ;  the  ap- 
pearance of  five  claws  was  discernible  in  each  fore-paw.  The 

•  Descript.  Cstftl.  CoU.  Snrg.  1854,  p.  97. 

t  The  red  sandstone  of  Corncockle  Muii  wu  fcmnetly  refened  to  the 
New  Hed  Series ;  but  the  researches  of  Mr.  Binney  and  Prof.  Harkneu 
have  shown  that  the  several  patches  of  red  sandstones  in  the  South  of 
Scotland,  eiceptlng  that  of  Annan,  are  of  Permian  age.  Quart.  Joum. 
Geol.  Soc.  vol.  xii.  pp.  138,  and  254. 

I  Account  of  the  Marks  of  Footsteps  of  AnimalB  found  impressed  on 
Sandstone ;  b;  the  Rev.  H.  Duncan,  D.D.,  Edinhurgh,  Trans.  Rnyal  Soc. 
vol.  xi.  1828.  Numerous  fossil  foot-tracks  from  the  quarries  at  Com- 
cockie  Miiir  are  beautifully  ilhistrated,  of  natural  size  and  colours,  in 
Sir  W.  Jardine's  magnificent  "  Ichnology  of  Annandale ; "  and  Prof. 
Harltness  has  described  others  in  the  "  Annnis  of  Nal.  Hist."  for  1851, 
In  Mr.  Morris's  "  Calalosue  of  British  Fossils,"  1S54,  p.  355.  is  a  very  per- 
fect Synapsis  of  all  the  fossil  foot-prints  hitberlo  found  in  the  BHUsh 
strata  :  bnl  "  Penuian  "  must  be  substitoted  for  "  Trias  "  in  the  case  of 
the  Comcocltle  and  DumftiBs  specimens. 
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obaerrations  already  offered  on  the  ripple-marlia  on  Baud- 
stone  (see  p.  882)  render  it  unneceagary  to  explain  thg  pre- 
eervation  of  imprints  of  this  nature.  Similar  appearances 
have  since  been  observed  on  the  Triasaic  sandstone  near 
Stourton  and  Ituncom  in  Cheshire,  &nd  in  several  places  in 
Germany,  but  no  bones  of  tortoises  have  been  discovered  in 
these  strata. 

A  discovery  of  a  like  nature  was  made  soon  afterwards  in 
the  New  Bed  sandstone  near  Hildburghaunen,  in  Saxony. 
Numerous  imprints  of  the  feet  of  some  large  quadrupeds, 
having  the  fore-paws  much  smaller  than  the  hinder,  were 
observed  on  the  exposed  Bur&ces  of  some  slabs  of  rippled 
sandstone:  and  similar  footsteps  have  been  found  in  the 
quarries  at  Stourton,  Taporley,  and  Lymm  in  Cheshire,  al 
Annan  in  South  Scotland,  and  near  Warwick.  These  im- 
prints  are  on  the  face  of  each  successive  layer  of  stone ;  and 
on  some  of  the  slabs  not  only  are  there  foot-prints  of  various 
kinds  of  animals  that  walked  over  the  stone  when  it  was  in 
the  state  of  soft  sand,  but  also  the  impressions  of  rain-drops. 
Some  of  the  recently  exposed  surfaces  present  a  blistered 
or  warty  appeairance,  being  covered  either  with  little  hemi- 
spherical eminences,  or  with  depressions ;  and  these,  upon 
an  accurate  investigation  of  the  phenomena,  prove  to  hr.ve 
been  the  effect  of  rain,  which  fell  while  the  surface  was 
soft  and  impressible.  On  many  of  the  slabs  the  forma  of 
the  rain-drops  and  of  the  foot-prints  appear  in  relief,  being 
casts  of  the  surface  upon  which  the  impressions  were  made ; 
while  on  the  clay  corresponding  hoUows  are  apparent  (as  in 
Lign.  133). 

Ckiroikerium. — The  foot-prints  found  on  the  sandstones 
and  shales  above  referred  to  are  of  various  kinds ;  some  ap- 
pear to  have  been  produced  by  small  reptiles  and  crusta- 
ceans; but  the  principal  markings  are  referable  to  some 
large  quadruped,  in  which  the  fore-feet  were  much  smaller 
than  the  hinder  {lagn.  132).     From  the  supposed  resem- 
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blaace  of  these  imprints  to  the  shape  of  the  human  hand,  the 
name  of  Chirotherium  was  adopted  to  designate  the  animals 
which  left  these  enigmatical  "  footsteps  on  the  sands  af 
Time."     Since  the  discovery  of  the  bones  of  gigantic  Sauro- 


batrachians  in  the  same  strata,  it  has  been  suggested  that 
the  footmarks  were  produced  by  some  of  the  large  Laby- 
rinthodons ;  a  conjecture  highly  probable,  for  the  fore  and 
bind  feet  of  many  of  the  frog-tribe  are  as  dissimilar  in  size 
as  those  of  the  so-called  Chirotherium.' 

15.    ORHITHOIDICHIirTES,  OB  FOSBTI.  FOOTPBIKTB  BESKUB- 

LiNfl  THOSE  OF  BiKDS.  —  In  the  United  States  of  North 
America,  a  group  of  strata,  which,  as  far  as  the  imperfect 

■  SseDr,  BucMBnd'a"Brii1f^walerTreBtiMs"  for  fibres  and  tiirlhei 
detailB.  A  fine  series  of  apecimeDi  of  Qilrotheriui  imprinta  are  in  the 
BriL  Mo*.  Collect.  Petrifactiont,  p.  63.  See  also  Geol.  Transact.  3 
ler.  vol.  Ti.  p.  537,  and  Geol.  Soc.  Joum,  to),  a.  p.  37. 
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evidence  afforded  by  their  foeeilB  can  Bhow,  appear  to  belong 
to  the  Triasaic  system,  occur  in  the  valley  of  the  Connecti- 
cut river,  stretching  through  the  states  of  Connecticut 
and  Massachusetts ;  and  a  band  of  similar  deposits  ranges 
from  beneath  the  Palisadoea  of  the  Hudson  to  the  inte- 
rior of  Virginia.*  The  materials  are  red  ehaleanl  argil- 
laceous sandstone,  with  detached  beds  of  conglomerate-t  It 
is  on  the  surface  of  the  laminated  argillaceous  sandstouee  of 
this  system,  and  principally  in  the  valley  of  the  Connecticut, 
that  occur  those  mysterious  characters  on  which  the  saga- 
city and  unremitting  labours  of  Professor  Hitchcock  have 
thrown  so  much  light ;  f  but  still  the  nature  of  the  animals 
by  which  the  foot-prints  were  made  is  involved  in  obscurity, 
for  no  vestiges  of  the  skeletons  of  the  bipeds,  the  linea- 
ments of  whose  feet  are  so  vividly  apparent,  have  been  dis- 
covered.? 


•  When  the  fossils  of  these  Virginian  sandatoneB,  ahaleB,  end  coal-beds 
are  (aken  in  consideration,  the  peculiar  group  of  strata  above  alluded  to 
must  be  regarded  as  having  much  of  Ihe  character  of  the  Lower  Jurassic 
lariefl  of  the  North  British  urea.    See  above  p.  519. 

t  Professor  Heary  Rogeis'  Address  nt  the  Meeting  of  the  Association 
of  Americaa  Geologiata,  Hay.  lS-14. 

t  The  reader  U  referred  to  I'rofessor  Hitchcock's  "  Report  on  the 
Geology  of  MaBsachuaetts,"  lo  Dr.  Buekland'a  "  Bridgewater  Treatise," 
to  the  "American  Journal  of  Scienie,"  Transact.  Anieric.  Phil.  Eoe. 
uev  ser.,  and  Trans.  Amer.  Acad.  ArU  and  Sciences,  for  many  tnter- 
estijig  papers  by  Dr.  Deane  (who  Grat  drew  Profrssur  Hitchcock't  at- 
lenlion  to  (he  subject)  and  other  American  naturalists  ;  and  to  the  "  Me* 
daU  of  Creation,"  p.  768  ;  and  "  PelrifaotionB,"  p.  M. 

f  Reptilian  remains  occur  in  the  Ited  Sandstones  of  North  America, 
(namely,  tiie  ClepayBaurua,  Ceiitemodon,  and  Hathygnalhua,  Geol.  8oc. 
Joum.  VDl.xii.p.377].  Dr.  Emmons  has  described  the  bone  of  a  bird  from 
the  CbathaiD  coal-fleld,  in  Carolina,  probably  of  nearly  the  same  age  ;  and 
mimerous  relics  of  reptiles  (Dictyosaurus,  Omosaurus  and  Ruitodon  or 
Clepsysaurus,  and  Compaoaaurus  or  PalasosaurusJ,  and  some  umall  Mam- 
malian Jawi  (lova  beds  of  Permian  (F)  age,  Americ.  GeoL  pari  vi.  ltJ57. 
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Ihough  the  diacoier;  of  bonei  of  biida  in  strata  of  Ibis  epoch  is  required 
before  the  questioti  can  be  regarded  as  determined.  Tbe  numbei  and 
variety  of  these  footsteps  are  so  considerable,  that  in  1863  Professor 
Hitchcock  considered  he  had  sufficient  data  to  warrant  their  arrangcnienl  . 
in  iiuoieions  genera,  comprising  upwards  of  tifly  species,  varying  in  aiie 
from  half  an  inch  to  twenty  inches  in  length  ;  Ihe  greater  part  being  re- 
ferable to  bipeds ;  whilst  about  s  dozen  quadrupeds  can  be  recagniaed, 
most  of  them  with  the  hind-feet  much  larger  than  the  fore-feet.*  The 
abundance  of  foot-prints  on  Ihe  Connecticut  sandstones  is  explained  by 
supposing  the  strata  to  have  originated  from  sediments  depositod  in  a 
tidal  estuary  ;  and  that  various  kinds  of  birds  and  reptiles  frequented  the 
low  mnddy  shorea,  when  the  tide  receded,  in  pnrsuit  of  worms  and  other 
prey ;  and  that  their  footateps  were  coteted  with  a  thin  layer  of  silt  at 
each  reflux  of  the  waves. 

Tbe  following  remarks  of  Dr.  Deane  willconvey  an  idea  of  Ihe  colossal 
proportions  of  some  of  these  imprints  ■,'-~"  I  have  in  my  posaesaion  con- 
Secutire  impressions  of  a  Iridactyloua  foot  wliich  measures  ei^teen  inches 
in  length,  by  fourteen  in  hreadth,  between  the  eitremities  of  the  lateral 

toes Each  step  wiil  hold  half  a  gallon  of  water,  and  the  stride  is 

four  feet."  The  original  bird  must  have  been  "  four  or  five  times  larger 
than  the  African  Ostrich,  and,  on  this  basis,  could  not  bare  weighed  less 

than  600  pounds Every  step  the  creature  took  Sank  deep  Into  the 

alralum,  and  the  sub-strata  bent  benealli  t^  enormous  load.  If  an  ox 
walk  over  stiffened  clay,  he  would  not  sink  so  deeply  as  did  this  mighty 
bird."  t 

SirC.  Lyell  mentions  having  seen  on  the  banks  of  Ihe  Connecticut 
river  (al  Smith's  Ferry,  near  Northampton,  eleven  miles  from  Springfield) 
"a  space  several  yards  square  where  the  entire  surface  of  the  shale 
was  irregular  and  jagged,  owing  to  the  number  of  footsteps,  not  one  of 
which  could  be  traced  distinctly,  as  when  a  flock  of  sheep  have  passed 
over  a  muddy  road  ;  but,  on  withdrawing  from  this  area,  the  confusion 
gradually  ceased,  and  the  tracks  became  more  and  more  distincL"  J 

Some  fine  alaba  of  the  eandatone,  covered  with  aeveral 
tracks  of  bipeds  of  various  sizes,  collected  hy  Dr.  Deane, 
are  deposited  in  the  British  Musenm.    A  representation  of 

"  See  "Final  Report  on  the  Geology  of  Massaehuaetta,"  p.  477; 
"  Elementary  Geology,"  p.  155  ;  and  "  Geology  of  the  Globe,"  p.  98. 
t  Boston  Journal  of  Nat.  Hist.  vol.  t.  p.  382. 
i  Travels  Id  North  Ametica,  vol.  i.  p.  254. 
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one  of  the  small  impriutfl  of  the  natunU  aize,  with  the  sur- 
face of  the  stone  marked  with  hemispherica]  pitB  produced 
by  a  ehower  of  rain,  is  given  in  Lign.  133. 


The  enormouB  magnitude  of  some  of  the  foot-prints  was 
formerly  deemed  aa  insuperable  objection  to  the  interpret- 
ation of  these  obscure  vestiges  adopted  by  the  American 
naturalists ;  but  the  discovery  of  the  bones  of  tridactyle 
birds  (J&a,  see  p.  129)  in  the  alluvial  depOBita  of  New 
Zealand,  some  of  which  indicate  a  size  equal  to  that  of  the 
most  colossal  of  the  fossO  imprints,  has  removed  that  objec- 
tion, and  shown  that  in  comparatively  modem  times,  the 
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earth  was  trodden  by  birds  aa  gigantic  ae  tbe  bipeds  that 
strode  along  the  shores  of  the  Triaseic  waters. 

I  must  not,  however,  dvell  longer  on  this  iuTiting  sub- 
ject, and  will  only  add,  that,  while  oSeiing  mj  humble  tri* 
bute  of  admiration  to  the  sagacity  and  patience  with  which 
the  subject  has  been  investigated  by  Professor  ^tchcock 
and  others,  and  fiUly  admitting  the  close  resemblance  of  the 
bipedal  fossil  foot-prints  to  thos.'  of  birds,  I  consider  the  fol- 
lowing caution  of  Professor  Owen  to  be  deserving  of  the 
most  serious  attention :  —  "  Foot-prints  alone,  like  those 
tenned  '  Ornithichnites,'  are  insufficient  to  support  the  in- 
feience  of  the  possession  of  the  highly  developed  organiza- 
tion of  a  bird  of  flight  by  the  creatures  which  have  left  them. 
The  Bhynchosaur  and  biped  Pterodactyles  already  warn  us 
bow  closely  the  ornithic  type  may  be  approached  without 
the  essential  characters  of  tbe  Saurian  being  lost.  By  the 
Chirotheriaii  Ichnolites  we  learn  how  closely  an  animal,  in 
all  probabiMty  a  Batrachian,  may  resemble  a  pedimanous 
mammsl  in  the  form  of  its  foot-prints."  f 

16.  Tbiabsic  MtMTLt^r. — Before  leaving  the  subject  of 
theTriasiwemost  again  allude  to  the  "Bone-bed,"  |  so  closely 
related  to  the  Lias  in  England,  hut  decidedly  Triassic  in 
character  on  the  Continent.  At  Stuttgard,  among  other  very 
interesting  fossils,  it  has  yielded  to  the  researches  of  Dr. 
Plieninger  two  minute  mammaVum  teeth  {MicroUgte*  anti- 
juim).  These  have  been  described  and  figured  in  the 
"  Nova  Acta,"  §  1850,   and  in  Sir  C.  Lyell's  '*  Manual." 

•  Tlie  cltaeresemblance  of  many  of  iheaeNortli  American  foot-miirkslo 

those  miula  b;  lecent  birda  ia  moit  Btrikint;.    Sir  C.  Lyell,  in  hia  "  Trv- 

tcIb  in  North  Ametica  "  (vol.  ii.  p.  16S,  pi.  7),  bu  placed  this  cone- 

■pondence,  I  might  almost  sa;  identity,  in  a  strong  point  of  viev,  by  giving 

flicuTes  of  recent  foot-mailts  of  the  Sandpiper  on  hardened  red  mud,  from 

the  Bay  of  Fundy  ;  these  specimena  aie  now  in  the  Brzliah  Museum  and 

the  Geological  Society's  Collection,  for  comparison  with  tlie  fossil  imprints, 

t  Brit.  Aasoc  Rep.  1841,  p.  2U3.  {  See  ebore,  p.  b2i 

i  Nov.  Act,  Csi.  Acad.  Nal.Cur.  vol.  nil.  p.  902,  pi.  71,  fig.  M  and  15. 
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Taken  in  connection  vith  the  little  fossil  Mammala  from 
Stonesfield  and  Purbeck,*  and  with  Dr.  Emmona'a  apeci- 
mens  from  North  Carolina  (which  last  are  probably  more  an- 
cient than  the  Miarvletlet),  these  aSbrd  evidence  of  the  exist- 
ence of  a  marsupial  &uua  during  the  secondary  epoch. 

17.  The  Pkbhiajt  Toitif  atioit. — The  group  of  strata  thus 
designated  was  formerly  termed  the  Lower  New  Bed,  or 
Magnesian-Umestone  formation.  It  comprises  the  Bimter- 
Schiefer,  Zecbstein,  Kupfer-Schiefer,  and  Bothliegeudee  of 
the  Germans  i  that  is,  all  the  deposits  interrening  between 
the  CarbomferouB  and  the  Triaasic  systems.  Like  the  Trias, 
It  conBists  of  a  triple  series  of  deposits,  namely,  1.  Cong^lomer- 
ates,  sands,  and  clays ;  2.  Limestones ;  3.  Sands  and  clays. 
The  clays,  sandstones,  and  conglomerates  are  more  or  less 
coloured  by  oxides  of  iron,  and  are  associated  with  pyritous 
shales,  gypsum,  salt,&c.;  some  of  the  limestones,  containing 
a  large  proportion  of  magnesia,  are  known  as  Bolomi(e,i  and 
others,  retaining  a  strong  animal  odour,  are  termed  Siinh- 
tlein.  Tbis  system  being  pslffiontologically  characterized  by 
a  pecuhar  type  of  orgimic  remains,  and  by  the  absence  of 
nearly  every  species  that  occurs  in  the  newer  or  overlying 
formations,  the  Permian  is  ranked  as  the  last,  or  uppermost, 
of  the  paheozoic  system.     (See  Synopsis,  p.  203.)  X 

•  Sm  aboTe,  p.  391  and  p.  508, 

t  The  crystalline  cnlcaiHO-niBgitesiaii  ruck  (termed  Dolomite,  from  M. 
Dotomieu,  who  firat  painted  out  its  miDerologicai  cliaracter)  has  the 
tune  external  aspect  al  granular  iimestane  ;  but,  instead  of  being  a  pure 
caibunate  of  lime,  canlains  liom  45  Co  tiU  per  cenu  of  carbonate  of  mag- 

t  M.  Pictet  has  ahawn.  in  the  4th  volume  ofhia  new  edition  of  "  Pa- 
Uantologie,"  pp.  577  and  579,  that  the  prapoilion  of  j/meric  farms  passing 
&om  the  earlier  periods  lo  the  Permian  is  56  per  cent.,-  whilst  of  those 
received  by  the  Trias  from  older  periods  the  propoition  is  only  33  per 
cent.  He  considers  that  the  paleontological  difference  of  the  Carboni- 
ferous period  and  the  Permian  may  be  appmiimatirely  indicated  by 
"53,"  whilst  "  60  "  may  indicate  that  betiveen  the  Peimian  and  Trios. 
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In  Uie  cmtntl  part  of  England,  mi  extendiag  from  lira  netgLbonrliood 
of  NotlinghBm  to  the  loutb-easleni  extremity  of  Norlhumberluid,  ted 
marls,  sandstones,  and  breccias  form  the  lowermost  Pennian  strata,  and 
aie  regarded  as  the  equiTalenIa  of  the  RothUegenda  of  Geimanj )  a  term 
applied  to  a  group  of  red  sandstones  and  conglomerated,  accompanied 
witli  porphyry  and  other  old  rolcamc  rocks,  that  constitnles  the  base  of 
the  Permian  series  of  the  C3oatmeiil.  Upon  the«e  lower  red  sandstone! 
■re  magaesiui  limestones,  upwards  of  300  feet  in  total  thickness,  cor< 
responding  with  the  Stinkateia,  Rauchicacke,  and  Zech»tiin  of  Gennany. 

In  the  North  of  England  the  Permian  formation  is  well  developed, 
having  four  or  more  distinct  members,  and  attaining  about  1000  feel  of 
thickjiess.'  In  the  Midland  Counties,  the  cakareotis  element  is  almost 
absent  in  the  series,  sandstones  predomiiiating,  and,  with  the  associated 
marls,  making  a  thickness  of  upwards  of  ISOO  feet.f  Still  further  south  *. 
and  Host  tine  formation  rapidly  attenuates,  and  is  represented  by  ihi" 
bands  of  sandstone  and  conglomerate,  or  breccia. 

In  Somersetshire,  and  the  adiacent  country  around  Bristol,  beds  of 
conglomerate, :[  formed  of  the  debris  of  older  rocks,  held  together  by  a 

*  hlr.  Binney  has  described  the  Permian  beds  of  the  North-Weat  of 
England  (Mem.  Lit.  Phil.  Soc  Manchester,  toIs.  iu.  and  z.\i.)  as  con- 
sisting of,  1.  (at  top)  Red  and  Tariegated  gypsiferoua  marls  (300  ft. 
thick}  ;  2.  Magnesian  limestone  (10  fL) ;  3.  Conglomerate  (350  0.) ; 
4.  Red  snndstones  and  marls  (500  ft.).  Below  these  is  the  red  and  vario' 
gated  sandstone  of  Whitstable,  which  Mr.  Binney  is  disinclined  to  re- 
gard as  Permian. 

In  the  ■'  Annals  Nat.  Hist."  2  ser.  vol.  lii.  p.  33,  &c.,  Mr.  R.  Home 
describes  the  Permian  aeries  in  Durham  as  consistingof,  1.  (at  top)  Red* 
dish  sandstone  (Lower  Bunler  7) ;  2.  Upper  yellow  limestone  ( lUO  ft. 
thick);  3.  Botryoidal  limestone  (150  ft.);  4.  Cellulsr  limeslone  and 
shell-limestone  (150  ft.)  ;  5.  Compact  limestone  and  conglomerate  (200 
A.)  ;  6.  Marl-slate  (3  feet).  These  are  underlaid  by  sand  and  red  saad- 
atone.  whicb,  containing  fish-remains  and  plants  of  species  proper  to 
the  Coal-measures,  are  referred  by  Mr.  Howae  to  the  Carboniferous  le- 
ries,  though  hiiherto  regarded  as  the  equivalent  of  the  Solh-liegendei. 

t  See  Mr.  Jukee's  description  of  the  structure  of  the  South  Slafford- 
shire  Coal-field,  in  the  "  Records  of  the  School  of  Mines,"  toI.  i.  p.  160 ; 
and  Prof.  Ramsay's  Kotice  of  the  Permian  FDcksneai'Bndgenorth,  Quart. 
Geol,  Journ.  vol.  iLp.  188. 

J  Mem.  Geol.  Surv.  vol.  i.  p.  239.    See  Mr.  Sanders's  observations  Ott 

the  possibly  Triassic  age  of  Ihiaoooglomerate,  Biit.  Assoc.  1849,  Sect.p.65. 
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dolomitic  cement,  are  spread  unconformably  avec  the  caibauirerous 
Btnta,  filling  up  the  iiregulikrLties  and  hollowa  of  the  Burlace  oC  the 
mauntaic-limealone,  &c,,  occasioned  by  the  disIoMliona  and  fntcluree 
which  those  rocks  hod  sustaiiied  by  disturbing  forces,  before  the  deposi- 
tioa  of  the  Permian  deposits.  This  conglomerate  is  msde  up  in  great 
part  of  pebbles  and  fragments  of  mountsia-1  lines  tone,  millBtone-grit,  coal- 
shale,  and  other  detritus  of  the  strata  oa  which  it  reposes ;  and  contains 
fractured  and  water-worn  bones  of  Sauiians,  Weth  of  fishes,  &c.  It  is 
well  displayed,  OTerlying  the  coal-slrala  and  mountain -limeatone,  near 
Clifton  in  the  vallej'  of  the  Avon,  and  at  Portishead,  and  olhei  places  in 
the  Ticinity." 

In  DevonBhire  is  a  peculiar  conglomerate  or  breccia,  referred  by  Sedg- 
wich  and  De  la  Beche  la  (he  Permian  formation,  and  the  structural  cha- 
racteis  of  which  point  to  (he  probable  fiiCt  of  eruptions  of  lata  having 
been  locally  discharged  into  the  Permian  sea,  and  U)  have  cemented  toge- 
ther (he  wBler-wora  materials,  BO  as  to  form  a  trap-amglotiteraie  !—aicb, 
at  least,  seems  to  have  been  the  origin  of  the  amygdaloidal  trap,  ts  it  is 
termed,  in  the  vicinitj  of  Ezeter.t  A  few  miles  to  the  south  of  that 
city,  masses  of  a  rock  of  this  kind  are  interposed  between  beds  of  suid- 
slone  ;  the  general  appearance  of  (he  stone  is  that  of  a  granular  rock, 
somewhat  loosely  compacted,  of  a  purplish-brown  colour,  interspersed 
with  minu(e  portions  of  calcareous  spar,  mica,  and  indurated  clay  tinged 
by  copper  or  manganese,  ft  is  full  of  small  ovoidal  cells,  which  are 
either  filled  or  lined  with  manganese,  calc-spar,  or  Jasper;  a  structure 
termed  in  geology  amygdaloidal,  or  almond-like:  the  substance  of  ths 
rock  is  an  earthy  felspar. 

Another  interesdng  feature  of  the  Permian  series  is  a  breccia,  or  con- 
glomerate of  pebbles  and  angular  stones  imbedded  in  a  red  marly  ma(rix.| 
belonging  to  (he  lower  portion  of  the  series,  and  occurring  over  a  large 
extent  of  country  in  Worcestershire  and  South  Staffordshire.  It  coa- 
siala  of  mure  or  less  worn  fragments  of  quartz,  slates,  traps,  sandstones, 
and  fossil  iferous  rocks,  many  of  which  are  traceable,  in  Prof.  Bamsay's 
opinion,  to  parent-rocks  in    the  Welsh  border-country,   sometimes  50 

*  The  dolomitic  conglomerates  near  Bristol  and  od  the  Mendip  Hills 
are  ably  described  by  Buckland  and  Conybeare,  Geol.  Trans.  2ud  ser. 
vol.i.  p.  291. 

t  Geology  of  England  and  Wales,  p.  294 ;  Geol.  Proceed.  toI.  iL  p. 
196 ;  De  la  Beche's  Report,  Deron,  &c.,  p.  203. 

Z  Phillips,  Mem.  Geol.  Survey,  vol.  ii.  part  i.  p.  112;  Ramsay,  Quart. 
Geol.  Joum,  vol.  xi.  p.  155,  and  Notices,  Roy.  Instil,  April  24th,  1857. 
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miles  distant.  Prom  tlda  circnmatuice,  and  oii  lucoaat  of  tlie  aiie, 
tuigularity,  smoothnesa,  and  striated  appearance  of  many  of  the  Btonea, 
Prof.  BdiziBay  coniidets  that  they  could  haie  been  transported  and 
brought  together  only  by  the  agency  of  floating  ice ;  just  as  the  boulders 
of  the  Pleistocene  drift  *  are  admowledged  lo  have  been  borne  from  great 
distances  and  accnmulated  by  means  of  icebergs  and  coast-ice. 

18.  Ma&iiesiam  Liuestonx  ob  Dolouite. — The  tnag- 
nesiaa  limestoue  of  England  is  regularly  stratified,  aad, 
when  recently  exposed,  has  a  granular  or  saccharine  struc- 
ture, with  a  glimmering  lustre ;  the  colour  is  generaUy 
either  a  pale-fawn,  salmon,  or  yellow,  fi^m  hydrate  of  iron, — 
or  red,  from  oxide  of  iron.  The  hard  varieties  yield  some  of 
the  beat  building-stone  in  England. f 

In  many  places  the  limestone  occnrs  in  large  concretional  and  botiy- 
oidal  masses ;  the  concretions  rarying  from  the  size  of  small  peas  to 
that  of  large  cannon-balls ;  and  these  are  often  grouped  together  like 
bunches  of  grapes,  or  masses  of  chain-shot.  On  the  coast  of  Durham, 
the  vhole  cliff  is  made  up  of  large  concrelional  clusters,  resembling  piles 
of  cannon-balls.  This  phenomenon  is  best  seen  near  Sunderland,  and  along 
the  sbore  neat  Marsden  and  Black  Hocks ;  where  it  is  associated  irith 
other  curious  and  inteieatiDg  modiflcalions  of  concietional  action.}  These 
masses  offer  a  beautiful  illustration  of  spheroidal  structure,  superinduced 
on  Btratifled  detritus  after  til  depoatvm ;  for  the  sedimentary  laminn 
pass  through  the  globular  concretions  uninterruptedly.  The  limestone  it 
commonly  trsTersed  by  veins  and  strings  of  carbonate  of  lime,  and  occa- 
sionally contains  hollow  spheroids  of  calcareous  spar  and  crystals  of  sul- 
phate of  strontian  and  barytea.  Galena,  or  sulphide  of  lead,  sulphide  of 
zinc,  calamine,  and  carbonate  of  copper,  also  occur ;  and  some  reins  of 
galena  in  the  Mendjp  Hills  hara  yielded  profiuble  returns.} 

"  See  vol.  i.  p.  217,  fie. 

t  The  New  Houses  of  Parliament  at  Westminster  are  constructed  ex- 
ternally of  magnesian  limestone,  from  quarries  at  North  Anstone  in 
Yorkshire,  and  near  Worksop  in  Nottinghamshire. 

X  See  an  admirable  Memoir,  "  On  the  Geographical  Relations  and 
internal  structure  of  the  Magnesian  Limestotie,"  by  the  Rei.  Adam 
Sedgwick,  Geol.  Trans.  2nd  Ser.  toI.  iii.  p.  37 

i  Geology  of  England  and  Wales,  p.  3<)4. 
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19.  Pbemiaw  01  G-EBUASi  AKD  BuBaiA.  —  In  Thurin. 
gia*  and  Saionythe  magnesian  limeBtone  (^Stinkitein,  Sauei- 
teacke,  and  Zeahttein)  is  lai^ly  developed,  and  ia  underlaid 
by  a  thin  band  of  dark  bituminouB  ehales  highlj'  charged 
with  copper-pjritoB,  which  is  termed  the  Kupfer-Schie/er. 
These  ehalea  have  long  excited  the  attention  of  naturalists 
from  the  number  and  variety  of  the  foHsil  fishes  they  contain, 
and  the  peculiar  mineralized  condition  in  which  these  relics 
occur;  specimens  &om  Eisleben  near  Mansfdd,!  &  cele- 
brated productive  locality  of  these  ichthyolites,  are  to  be 
found  in  almost  every  museum  in  Europe.  These  fishes, 
which  principally  belong  to  the  genera  Ptdieoniteut,  Pt/ffO' 
ptenia,  and  Flatytomu»,  are  generally  in  a  contorted  state, 
apparently  the  effect  of  violent  convulsions  attendant  on 
their  sudden  destruction.  The  appearance  of  a  violent  death 
presented  by  these  Ichthyolites  is  regarded  by  M.  Agassis 
as  entirely  deceptive :  and  he  states  that  the  bent  and  twisted 
condition  of  the  body  is  solely  attributable  to  muscular  con- 
tractions during  decomposition  after  lite  was  extinct.f  The 
specimens  are  splendidly  invested  with  copper-pyrites,  and 
their  scales  often  have  the  appearance  of  burnished  gold. 
The  bodies  of  the  vertebrse  of  the  spinal  column  are  almost 
always  wanting.  § 

The  researches  of  Sir  B.  Murchieon  and  his  colleagues  |[ 
have  shown  that  the  Permian  system  in  European  Bussia 

*  The  elBbarate  memoLi,  by  Sir  B.  Murchison  and  Prar.  Morris,  on 
the  Palsaioic  locltB  oT  the  Thuringeiwald  uid  the  Haiz,  comprises  a 
clear  eipoailtou  of  Iha  rBlitiona  of  the  Pertnl&ti  rocka  of  theae  dLitricli. 
Quart.  Joum.  Geol.  Soc.  vol,  li.  420,  &c. 

t  An  account  of  thia  locality,  and  a  geological  Map  of  the  district 
west  of  Halle,  are  giien  by  M.  Paul  Herler  in  ihe  Transact.  Nal.  Hiat. 
Soc.  of  Halle,  vol.  if. 

%  Recliercliei  snr  1«  PoiasooB  Fosailei,  tome  ii.  p.  70. 

\  Hedals,  p.  601. 

I  Russia  in  Entope  snd  the  Ural,  chap.  viiL 
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consists  of  strata  similar  to  the  great  group  of  red  and 
variegated  marls,  sandstone^  conglomerates,  and  associated 
magnesian  limeatones,  of  England  and  Germany,  and  reposes 
on  the  Carboniferous  deposits.  It  extends  over  an  area 
4,000  miles  in  circumference ;  a  space  equal  to  twice  the 
surface  of  the  kingdom  of  France. 

The  Permian  deposits  of  Brussia,  which  occupy  so  vast  a 
region  to  the  east  of  the  river  Volga,  namely,  in  the  govern- 
ments of  Kasan,  Tiatka,  Perm,  and  Orenbui^,  are  composed 
of  calcareous  flagstones,  with  gypsum,  red  and  green  grits 
and  sheila  (with  copper-ores  and  plant-remains) ;  magnesian 
limestones  and  marlstones ;  conglomerates,  red  and  green 
sandstones,  &c.  It  is  worthy  of  remark,  that  the  plant- 
remains,  the  fossil  reptiles,  and  the  coppery  beds  are  in 
Hussia  found  frequently  above  the  great  bands  of  limestone, 
whilst  in  Germany,  on  the  contrary,  they  occur  below  the 
limestones. 

20.  Fossils  of  thb  Peemtam  Ststf.m. — The  feuna  and 
flora  of  this  formation  are  invested  with  peculiar  interest, 
because  they  present  us  with  the  last  term  of  the  palaeozoic 
creation,  that  ancient  type  of  oi^anic  life  which  prevailed 
from  the  earliest  periods,  afi'ordiog  any  evidence  of  the  pre- 
sence of  living  things  in  the  waters  or  upon  the  surface  of 
our  planet.  For  the  two  grand  changes  in  the  organic  world, 
as  demonstrated  by  fossil  remains,  are  unquestionably  those 
which  separated  the  palieozoic  ages  from  the  secondary,  and 
the  latter  from  the  tertiary.  There  are  no  less  than  166 
species  of  fossil  plants  and  animals  from  the  Permian  deposits 
which  have  been  accurately  determined ;  of  these  148  are  un- 
known in  any  other  formation. 

PlanU. — The  plants  are  in  great  part  referable  to  genera 
common  in  the  coal-measures,  but  very  rare  or  altogether 
wanting  in  the  formations  above  the  Permiau  ;  for  example, 
species  of  Lep'idodendron,  N<rggeralMa,  Odontopferia,  PeeO' 
plerii,  Sphenopteris,  and  Calamiiei,  indicating  a  continuation 
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of  vegetable  life  of  the  same  nature  as  tbst  which  prevailed 
during  the  Carboaiferous  era.    . 

Near  ChemnitE,  in  Saxony,  gilicified  Btems  of  tree-fenw 
(^Ptaroniiet)  occur ;  nutoerouB  trutikB  of  coniferous  trees 
(Araueari(et)  are  common  in  the  EothliegendoB  at  Kyf- 
hausen  ;  aad  other  plont^remaiiu  are  met  with  near  Zwickau 
and  elsewhere  in  the  same  kingdom.*  Xt  AlleBley.t  near 
Coventry,  Bilicified  trunks  of  coniferouB  trecB  have  been  found 
in  the  Permian  Bandstone  (formerly  referred  to  the  New  Bed); 
and  other  plant-remainB,  Buch  aB  Caulerpite*,  Sreea,  Lepido- 
dendron,  and  Oalamiiet,  are  mentioned  by  Professor  BamBayJ 
as  having  also  occurred  in  these  beda  in  Warwickshire. 

21.  Invbhtebeata  or  thi  Febuiak. — The  Jtadiarta, 
Mollu$ca,  and  Articvlata  occurring  fossil  in  the  Permian  rocks 
of  England  and  Ireland  have  been  described  with  much  care 
by  King,§  Howse.H  and  Eirkbj.lT  who  enumerate  upwards 
of  130  species.  Tragos,  Dentalina,  SpirUlina,  Calamopora, 
Spirorbis,  Cythere,  ProsopoaiBcus,  FenesteUa,  Strophalosia, 
Monotia,  Bakevillia,  SchiKodus,  Turbo,  Chemnitzia,  Pleuro- 
tomaria,  and  Nautilus  are  the  principal  genera.** 

22.  FiSHEB  OF  THE  Pebmtak. — llie  fishes  of  this  sTstem 
comprise  beween  forty  and  Mtj  species,  belonging  to  Bixteen 
or  seventeen  genera  :tt  most  of  these  genera  and  a  few  of  the 
species  occur  also  in  the  Carboniferous  series  of  rocks.     All 

*  Giitbier'gVerstein.  Feimiach.  SyBt.  Sacluen;uidGeiiiitz'sSLemkDhl. 
t  Geol.  Proceed,  vol.  ii.  p.  439. 

I  Quart.  Geol.  Jouni.  to\.  a.  p.  198.  Prof.  King  entimeTates  seien 
Pi-Tiniaii  plant*  in  his  Monpgraph,  Pal,  Soo.  1956. 

{  Monograph,  Palatontog.  Society,  1850  j  and  Ann.  N.  H.  toi  irii. 

II  Annala  Nat.  Hiat.  1857,  vol.  ziii.  pp.  33,  3U4,  and  463. 
*\  Quart.  Jauni.  Geol.  Soc.  lol.  luL  p.  213. 

**  A  campniatJTe  table  of  (he  fossil  snimsla  of  the  Permian  system,  as 
fitr  BS  known  in  1845,  is  giren  in  the  "  Geolog7  of  Russia."  vol.  i.  p.  221. 
Sclilatheim,  Roiu,  Sduiiiratli,  kc.  haie  described  the  Permian  fossila  of 
Ct^rmany. 

ft  AIhiuI  ssTen  of  these  g^neia  occur  in  the  Peririan  loclu  of  England.. 
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the  ichthfoliteB  of  this  group  poBiieBH  that  remarkable  modi- 
fication  of  the  tail  which  we  have  already  mentioned  as  having 
been  of  excesBive  rarity  in  the  fishes  of  the  secondary  and 
tertiary  seas,  as  well  as  in  those  that  inhabit  the  existing 
ocean;  in  which  the  Sharks  and  Sturgeons  are  almost  the. 
only  representatives  of  this  palteozoic  type.  The  caudal  fin 
is  universally  Leterocercal ;  that  is,  the  vertebral  column  is 
prolonged  at  its  extremity  into  the  upper  lobe  of  the  tail.* 
One  of  the  most  strikiog  ichthyological  features  of  the  Per. 
mian  deposits  is  the  prevalence  of  fishes  of  the  genus  Fala- 
onweiMjt  of  which  several  species  abound  in  the  Permian  and 
Carboniferous  strata  of  England,  Europe,  and  Xorth  America. 
These  fishes  belong  to  the  heterocercal  ganoids,  and  are 
covered  with  rhomboidal  scales,  which  in  some  species  are 
very  ami^  and  in  others  large.  In  one  locality  near  Sun- 
gannon,  in  Ireland,  a  small  species  is  sometimes  found  in 
groups  of  more  than  two  hundred  individuals  on  a  slab  of 
stone  not  exceeding  two  feet  square.  One  species  only  of 
tbe  genus  {Falaonueiu  nperitei)  has  been  identified  in  the 
Trias. 

28.  Beftileb  07  TEE  Pebmiak. — The  earliest  certain  in- 
dications  of  the  existence  of  reptiles  on  our  globe  have  been 
obtained  from  the  deposits  of  the  Oarboniferous  and  Devo- 
nian formations  ;  for  neither  teeth  nor  bones  of  animals  of  a 
higher  order  than  fishes  have  been  discovered  in  any  of  the 
more  ancient  formations. 

The  Arehegoaauri  of  Saarbruck,  the  Bendrerpelon  and 
Baphetei  of  Nova  Scotia,  the  Parahatraeiu  of  Carluke,  and. 

•  See  figure  of  the  restored  flgnre  of  ibe  Amblyptena  (fig.  183,  p.  770) 
of  the  CaiboiiiferouB  s<fBtem,  in  vihich  a  marks  the  piolongation  of  the 
Tertebral  columa  into  the  upper  lobe  of  the  caudal  fin  :  this  fish  it  a.  good 
UlUBtcatioD  of  the  heterocercal  type;  and  the  Lepidoha  of  Ihe  Wealden 
(£^.  105) p.  423)  afibrdd  >□  example  of  the  homocercal  fieh. 

t  Profewor  Sedgwick's  memoir,  Geol.  Tram.  2  sei.  vol,  iii.  is  accom- 
panied  by  numerous  figurea  of  PalKoniaci  (pi.  8  and  9).  See  also  Agasaii, 
roU«<  Fosa.  vol,  ii.,  and  Kins'!  Monogr.  Penn.  Foss.  1850. 
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Bome  lately  discovered  reptilmo  footprints  in  the  coal-Bliale 
of  Deane  Forest,  well  represcEt  the  reptilian  forms  of  the 
Carboniferous  period,  when  evidently  there  were  many  cold- 
blooded quadrupeds  coeval  with  the  luxuriant  flora  of  the 
coal.*  The  little  Telerpeton  S!yinen*e^  and  some  probably 
cheionian  footprints  remain  as  evidences  of  the  Devonian 
reptiles— the  oldest  yet  known ;  and  in  Pennsylvania  rep- 
tilian foot-tracks  oceur  both  on  the  Carboniferous  and  the 
Pevonian  rock-Burfac«s4 

In  some  of  the  Permian  rocks  reptilian  remains  are  not 
unusual ;  and  indeed  they  form  important  characteristics  of 
these  deposits.  The  bituminous  Kupferschiefer  of  Thu- 
ringia  has  yielded  the  Prolotauru*  (the  "  fossil  monitor  of 
Thuringia,"  for  a  long  time  the  oldest-known  reptile)  ;  the 
copper-bearing  Permian  conglomerates  of  Itussia  are  some- 
times rich  with  bones  of  reptOes ;  in  the  dolomitic  conglom- 
erate of  Somersetshire  the  remains  of  large  thecodont  ^  lisards 
have  been  found;  and  similar  forms  occur,  according  to  Dr. 
Emmons,)  in  the  Permian  strata  of  the  Chatham  coal-field  in 
North  Carolina. 

Theeodontotauru*  and  Pat<eo$a»ru«. — These  British  fossils 
were  obtained  Irom  Bedland,  near  Bristol,  and  are  preserved 
in  the  museum  of  that  city;  they  consist  of  jaws,  teeth,  ver- 
tebrse,  and  bones  of  the  eitremities,  referable  to  two  genera 
of  saurians,  named  as  above  by  Dr.  Biley  and  Mr.  Stuchbury, 
by  whom  they  were  first  made  known.^  The  teeth  are  pointed, 
compressed  laterally,  trenchant,  and  finely  serrated  on  the 
edges.    These  reptiles,  in  their  thecodont  type  of  dentition. 


•  Medals,  vol.  i 

i.  p.  748. 

t  Medals,  vol.  ii.  p.  7W. 

}  American  Joi 

urn.  ScicDCG, 

new  aer.  vol.  i.  p.  268,  and  voi.  iL  p.  25  i 

and  Med.19,  vol.  i 

i.  p.  749. 

t    Thecodont;  i. 

(he  crocodile. 

1  American  Oet 

.logv.  part  6, 

1856,  p.  85. 
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biconcaTS  Tertebrs,  double-headed  ribs,  and  proportionate 
size  of  tbe  bones  of  the  extremitiea,  are  nearly  related  to  the 
Teleoaaunu  of  the  Oolite  (p.  532)  ;  but  combine  a  lacertian 
form  of  tooth  and  Btructure  of  the  pectoral  arch  with  these 
crocodiliaa  characters :  and  the  bodies  of  the  vertebrie  have 
a  series  of  rentricose  excavations  for  the  spinal  chord,  instead 
of  a  cylindrical  canal.  The  reptile  found  in  the  copper-shales, 
and  termed  the  "  Thuringian  fossil  monitor  "  {Proiorotaurut), 
appears  to  be  related  to  the  thecodont  saurians  of  BristoL 
The  spinous  processes  of  the  dorsal  vertehrffi  are  described 
as  remarkably  higb,  and  the  caudal  vertebra  are  character- 
ized by  double  diverging  spinous  processes. 

Bhopalodon. — Fragments  of  jaws  with  teeth,  md  a  few 
detached  teeth,  of  thecodont  reptiles,  apparently  related  to 
the  Bristol  saurians,  are  amongst  the  reptilian  remains  ob- 
tained  from  the  Permian  deposits  of  Busaia.  They  are 
figured  and  described  by  M.  Pischer  under  the  generic  mune 
of  Bhopalodon.* 

I'rom  what  has  been  advanced  respecting  the  fossils 
hitherto  found  in  the  Permian  formation,  it  appears  that 
the  organic  remains  are  distinct  from  those  of  the  contigu- 
ous upper  system  or  Trias,  and  present  a  close  relation  to 
the  types  which  characterize  the  lower  deposits. 

24.  Beptii^XB. — As  the  multitude  of  reptilian  forms  with 
which  we  have  been  surrounded  in  our  progrras  through  the 
faunas  of  the  secondary  epochs  disappears  with  the  Triassio 
epoch,  and  as  the  reptiles  of  the  Pabeozoic  system  are  com- 
paratively limited  in  number,  I  will  here  offer  a  few  general 
observations  on  this  class  of  animals,  that  the  unscientific 
inquirer  may  be  enabled  to  comprehead  the  inferences  that 
arise  from  the  facts  submitted  to  his  notice.t 

•  Snr  le  Rhopslodon,  genre  de  Siiarien  Foaaile  in  versMt  occidental 
de  rOunl;  par  G.  FUcher  ds  Waldheim,  Moftcoa,  1841,  and  Bullet 
Sue.  Nat.  McMctm,  IS45. 

t  See  "  Medali  of  Cieation,"  tdI.  iL  cliap.  itu.,  Tor  a  TuUer  considci- 
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All  anim&lB  poesesa  organs  hj  which  a  certain  change  u 
effected  in  the  circulating  fluid,  to  refit  it  for  the  purposei 
of  nutrition.  MammalB,  birds,  and  reptilee  are  fiimished 
with  an  apparatus  of  areolar  and  vascular  tissue,  termed 
lungB,  by  which  a  large  aurface  of  the  blood  in  brought  ia 
contact  with  the  air ;  in  aquatic  Tertebrates  (fishes)  this  ap> 
paratus  is  the  giUa,  which  are  organs  Ringed  with  innumer- 
able processes,  supplied  by  myriads  of  vessels,  disposed  like 
net-work,  by  which  the  blood  is  exposed  to  the  action  of 
aerated  water,  oxygen  absorbed,  and  vitality  maintained. 
In  BeptOes,  the  respiratory  organs  are  less  developed  than 
in  any  of  the  other  vertebrated  animals,  but  they  all  possess 
lungs,  and  are  capable  of  breathing  air :  and  some  have  gills, 
and  perform  aquatic  respiration.  The  heart,  which  is  gener- 
ally three-cbambered,  is  so  disposed,  that  at  each  contrac- 
tion only  a  portion  of  the  volume  of  blood  ia  sent  to  the 
lungs ;  hence  the  action  of  oxygen  on  the  drculating  fluid 
is  in  a  less  degree  than  in  any  of  the  mammalB,  birds,  or 
fishes.  As  animal  heat,  the  susceptibility  of  the  muscles  to 
nervous  influence,  and  even  the  nature  of  the  skin,  are  de- 
pendent on  respiration,  the  temperature  of  Septiles  is  low, 
and  their  muscular  powers  are,  on  the  whole,  very  inferior 
to  tboee  of  Birds  or  Mammals:  requiring  no  integuments, 
as  hair,  wool,  or  feathers,  to  preserve  their  temperature,  they 
are  merely  covered  with  scales,  or  have  a  naked  skin.  AJs 
they  can  suspend  respiration  without  arresting  the  course  of 
the  blood,  they  dive  with  facility,  and  remain  under  water 
for  a  long  period  without  inconvenience.  Some  are  vivipar^ 
0118,  others  are  oviparous,  laying  their  eggs,  which  they 

atioa  of  the  salyect.  Far  ■  compreheDsive  uid  philofophicil  now  of 
this  department  of  Paleontology,  the  English  reader  should  atudjr  the 
memoirs  of  Prof.  Owen  in  the  British  Aagociition  Reports,  1839,  1S40. 
sod  1841 ;  end  hia  Monogiaphs  published  bj  tlie  PalKontographicBl 
Society.  Pictet'a  '  Psl£onlologie,'  also,  should  be  consulted,  both  for  the 
details  of  the  fossil  reptiles,  and  for  lefeiences  to  other  authora. 
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never  hatch,  on  the  sanda  or  banks.  They  present  great 
diveraitf  of  form ;  Bome  are  extremely  elegant,  others  gro- 
tesque and  hideous,  and  many  have  dermal  proceBses  of  the 
most  &ntastic  shapes.  Their  habits  are  exceedingly  vari- 
able ;  some  are  agile,  others  torpid ;  all  hibernate,  or  rather 
relapse  periodically  into  a  state  of  dormancy,  whether  pro< 
duced  hy  cold,  drought,  or  excessive  moisture.  Their  pecu- 
liar structure  enables  them  to  endure  long  abstinence,  to  an 
extent  impossible  to  other  races  of  animals.  Their  seasonal 
habits,  or,  in  other  vords,  alternate  periods  of  activity  and 
repose,  are  in  accordance  with  the  sudden  evolutions  of  the 
seasons ;  they  are  dormant  when  nature  does  not  need  their 
agency,  and  rouse  into  activity  when  required  to  repress  the 
redundancy  of  those  vegetables  or  animals  which  constitute 
their  food ;  a  property  strikingly  manifest  in  the  species  of 
hot  climates ;  thus  exhibiting  an  admirable  adaptation  to 
the  peculiar  conditions  of  existence  which  they  are  destined 
to  fulfil.  Some  are  herbivorous,  others  carnivorous,  and 
many  prey  on  insects ;  their  powers  of  progression  are  as 
various ;  some  orders,  though  destitute  of  fins,  wings,  or 
feet,  bound  along  the  ground  with  great  agility  (the  Ser- 
pents) ;  others  walk  or  swim ;  while  a  few  are  capable  of 
flight.* 

25.  Tfrtlbs,  oa  Chiw>KIaij  Ebptiubs.— In  Turtles  the 
want  of  active  faculties  is  compensated  hy  their  passive 
means  of  resistance.  They  have  no  weapons  of  offence,  but  are 
enclosed  in  a  panoply  of  armour  formed  by  the  expansion  of 
the  costal  plates  above,  and  by  the  ossified  plastron  beneath.']' 
The  carapace,  or  buckler,  constituting  the  shell  that  spreads 
over  the  back  of  the  turtle,  is  composed  of  bony  plates  con- 
tinuous with  the  ribs,  which,  instead  of  being  separated  by 
intervals,  as  in  other  animals,  are  united  together  by  the 

•  The  Draco  nolani,  or  Flying  Dragon. 

t  See  Owen,  "  On  tlie  Carapuce  and  PliisUaa  of  CheiDnian  Replilus." 
Phil.  Transact.,  1S49,  p.  Ul. 
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costal  plates.  Thus  in  the  delicate  and  agile  form  of  the 
Serpent,  and  in  the  heavy  and  torpid  mass  of  the  Turtle,  the 
same  general  pHociple  of  structure  prevails,  and,  by  a  sim- 
ple modiAcation,  the  skeleton  is  adapted  for  beings  of  very 
dissimilar  forms  and  habits.  The  Tettudinata,  or  turtles, 
like  the  other  large  reptiles,  are  essentially  confined  to  tor- 
rid  and  temperate  regions.  The  fresh-water  species  are  ca- 
pable of  bearing  a  higher  latitude  than  the  terrestrial :  upon 
the  whole  the  utmost  range  of  this  order  appears  to  be  &om 
64°  N.  lat.  to  about  40^  8.  lat."  The  fluviatUe  species,  or 
Hmydea,  are  camivoroua,  feeding  on  frogs  and  email  animals ; 
those  of  the  genus  Trionyx  (liree-elaw)  are  African  or 
Asiatic,  vrith  the  exception  of  the  Triengx  ferox,  which  in- 
habits the  hot  regions  of  America.  They  live  upon  food 
which  is  found  at  the  bottoms  of  rivers ;  in  the  stomachs  of 
several  procured  from  the  Oanges,  by  Col.  Sykes,  were  large 
quantities  of  mussels,  the  shells  of  which  were  broken  into 
small  angular  fragments.  The  fossil  bones  of  a  Trionyi-like 
animal  {Trefottemon  BaketceUi)  from  Tilgata  Eorest,  were 
imbedded  in  a  mass  of  mu ssel- shell s ;  a  collocation  which 
might  be  expected  in  a  fluviatile  deposit.  The  form  of  the 
ribs  and  other  parts  of  the  skeleton  differs  in  the  Chelonians 
of  the  land,  marshes,  rivers,  and  the  sea  respectively,  so  that 
the  fossil  bones  can,  for  the  most  part,  be  readily  referred 
to  the  respective  groups. 

Ih&til  ToTloi»e»  and  Tartlet.'^ — The  earliest  indications  of 
the  existence  of  reptiles  on  the  surface  of  our  planet  are 
supposed  to  be  those  of  Chelonians ;  the  imprints  of  the  feet 
or  pats  apparently  of  a  land-tortoise  occurring  on  a  slab  of 
Devonian  sandstone  in  Morayshire ;  %  ^^^  similar  footprints 
have  been  found  in  the  millstone-grit  of  Cheshire,^  and  are 

■  "  The  Testndinata,"  by  Thonui*  Bell,  1  vol.  folio ;  one  of  the  moBt 
splendid  voikt  on  Natural  Hislor;  that  has  appeared  in  lliis  country, 
t  Medals,  vol.  ii.  p.  726.  %  Quart.  Geol.  Jonrn.,  vol.  viiL  p.  07. 

}  Ibid.  vol.  lii.  p.  350. 
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of  more  fi«queiit  occorrence  in  the  Fermiaa  BaniUtone  of 
Dumfriessliire,*  and  the  TrisMic  beds  at  Stourton  and  Eim- 
corn,  in  Cheshire.  Throughout  the  Oolitic,  Wealden,  and 
Cretat^ouH  epochs,  Cheloniana  abounded  ;  and  from  the  moat 
ancient  Tertiary  to  the  present  time  the  four  groups  of  this 
order  of  reptiles  bare  flouriehed.  Their  remains,  in  great 
plenty  and  of  prodigious  size,  are  associated  with  those  of 
the  Sivatberium,  &e.,  in  the  Sub-Himalayas ;  and  with  those 
of  Mastodons  in  the  Burmese  empire,  of  Pabeotheres  in  tho 
French,  Swiss,'!'  ^"^  ^^  ''^  Wight  tertiaries,  and  with  fruita 
of  tropical  plants  in  the  Isle  of  Sheppey ;  their  bones  and 
eggs  are  daily  imbedded  in  the  recent  coral-sand  of  the  Isle 
of  Ascension.  The  remains  of  liring  species  of  Indian  land- 
tortoises  are  said  to  be  collocated  with  the  bones  of  extinct 
miocene  mammalia  in  the  Sewalik  hills-'f 

26.  Cboco OILS s. -'This  family  of  loricated  or  mailed  sau- 
rian reptiles  contains  the  only  living  types  that  at  all  approach 
in  magnitude  the  colossal  forms  of  the  secondary  epochs. 
The  Egyptian  Alligator,  a^  is  well  known,  attains  a  large 
size ;  and  the  long  and  slender-beaked  crocodilian  reptile  of 
India,  the  QaviaJ  (or  G-arial)  of  the  Ganges,  sometimes  reaches 
a  length  of  nearly  thirty  feet.  The  peculiar  character  of  the 
teeth  of  these  animals,  and  their  mode  of  increase  and  reno- 
vation, have  already  been  pointed  out  (p.  429).  The  vertebrs^ 
or  bones  of  the  back,  are  concavo-convex ;  ».  e.  united  to  each 
other  by  a  ball-and-socket  joint,  the  convexity  being  behind. 
Some  of  the  foesil  crocodiles  of  the  tertiary  also  have  this 
structure  of  the  spinal  Column ;  but  in  every  crocodilian  of 
the  secondary  formations,  the  articulating  surfaces  of  the 
vertebrte  are  either  flat  or  concave,  except  in  one  genus 
{Strepio»pond^ltu%),  in  which  the  Tertebne  are  convexo-con- 
cave, t.  e.  the  convexity  is  directed  forwards:  a  position  the 
reverse  of  the  ordinary  type.     Beptiles  of  the  crocodilian 

*  Jardine'a  Icluiolog<r  orAniuuidale.  t  Piclet  uid  Huinbeit'i  Monog. 
X  Falcouec  and  CauUe;,  ^  Kledals,  p.  660. 
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order,  but  belonging  to  several  extinct  genera,  swarmed 
tliroughout  the  whole  of  the  secondary  and  tertiai^  Bpocbs. 
Ai  the  living  crocodilitms  frequent  fresh  water,  the  remains 
of  animals  of  this  type  indicate  the  existence  of  countries 
watered  by  Btreams  and  rivers,  or  abounding  in  lakes :  but 
the  modification  of  the  spinal  column,  bo  prevalent  in  the 
aucient  forms,  may,  perhaps,  be  referable  to  a  marine  rather 
than  to  a  terreBtrial  condition  of  existence,  in  eome  of  these 
extinct  sauriana. 

27.  E» ALIOS  AuaiiNB,  orMAKiKB  LiBAans.* — lehtkyoiau- 
rus  (^Fisk-like  Lizard). — In  the  lias  of  the  west  of  England, 
teeth,  vertebne,  and  other  parts  of  the  skeletons  of  reptiles, 
which  were  supposed  to  be  related  to  the  Crocodiles,  had  for 
many  years  excited  attention ;  but  until  1814,  when  a  con- 
siderable collection,  from  Dorsetshire,  formed  by  Mary 
Anning,  was  sold  in  London,  no  accurate  investigation  of 
these  interesting  relics  had  been  attempted-t  Subsequently 
a  great  number  of  skeletons  have  been  found,  numerous 
memoirs  published,  and  the  form  and  structure  of  the  ori- 
ginals thoroughly  investigated.  Many  beautiful  specimens 
are  figured  and  described  in  the  splendid  work  of  Mr.  Haw- 
kins, whose  unrivalled  collection  of  these  remains  is  now  de- 
posited in  the  British  Museum.}  The  boties  of  reptiles  so 
abundant  in  the  Lias  are  chiefly  referable  to  two  genera ;  the 
one  called  lehthyosaurua  (by  Mr.  Konig),  to  denote  ita  rela- 
tion to  fishes  and  reptiles ;  the  other,  Plenotauru*  (so  named 

•  Medals,  p.  663. 

t  See  No.  I.  of  CliarleBworlh's  "  London  Geological  and  PilBSontolo- 
gicilJounul,"  for  oji  account  of  the  sale  of  thia  collection. 

J  "  Memoira  of  Ichthjoeaur  and  Pleaiossur ;"  by  Thomas  Hankins, 
folio,  with  Plalee,  1838 ;  and  "  Book  of  the  Great  Sea-dngons,"  folio, 
with  Piates,  1840.  Full;  to  realize  the  eilemal  form  and  genenl  cha- 
racter of  the  Icbthyoiaun  and  Pleaiosiuri,  the  student  must  visit  the 
Crystal  Palace  Gardens,  and  make  himself  acquainted  wilh  Hi.  Waler- 
bouee  Hawkins's  life-sized  models  of  these  extinct  sea-reptiles;  smaller 
models  of  which  also  are  oblaiaable  for  study  in  the  cabinet. 
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by  Mr.  Conybeare),  to  indicate  that  it  approached  nearer  than 
the  aaimals  of  the  other  genua  to  the  Lizards,  or  Sauriana. 
The  Ichthyosaurus  had  the  beak  of  a  porpoise,  the  teeth 
of  a  crocodile,  the  head  and  sternum  of  a  lizard,  the  paddles 
of  a  cetacean,  and  the  Tertebrie  of  a  fish.  This  restoration 
{Lign.  134)  shows  its  general  configuration,  as  demonstrable 
from  the  skeleton  ;  from  the  peculiarity  of  the  terminal  ver- 
t^bree  of  the  tail,  Prof.  Owen  concludes  that  the  original  had 
a  strong  vertical  tail-fin.*  There  are  many  species,  some 
of  which  are  of  a  magnitude  equal  to  that  of  young  whales. 
The  teeth  are  conical,  sharp,  and  striated,  resembling  thoae 
of  crocodiles  iu  the  power  of  reproduction,  but  difiering  in 
the  number,  situation,  and  mode  of  regeneration :  one  species 


has  110  in  the  upper,  and  100  in  the  lower  jaw ;  they  are 
arranged  in  a  deep  furrow  or  groove,  not  in  sockets,  and 
■were  retained  only  by  the  integuments.  The  orbit  is  very 
large,  and  the  sclerotic  or  outer  coat  of  the  eye  is  made  up 
of  thin  bony  plates,  arranged  round  the  central  opening  or 
pupil,  as  in  the  owl  and  other  birds  ;  a  mechanism  by  which 
the  power  of  the  eye  is  materially  increased,  and  vision 
adapted  to  near  or  remote  objects  at  will.  The  bones  form- 
ing the  sternum,  or  cheat,  which  protect  the  organs  of  re- 
spiration, are  strong,  and  largely  de7eloped,t  and  the  sternal 
arch  offers  a  remarkable  correspondence  with  that  of  the 
Ornithorhyncus  of  AustraUa. 
■  Geol.  Trans.  2nd  ser.  vol.  t.  p.  SU .  f  Medala,  p.  667 
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Like  turtles,  the  IchthyoBaurus  ha^l  four  paddles,  composed 
of  numerous  bones  enveloped  in  one  fold  of  integument,  so 
as  to  form  an  entire  fin,  as  in  the  cetacea;*  the  fare-paddles 
are  large,  and  in  some  species  consist  in  one  hundred  bones 
(£i^M.  135)  ;  the  hinder  pats  are  smaller,  and  contain  but 
tbirt;  or  forty.  The  internal  structure  of  these  instruments 
therefore  resembles  that  of  the  paws  of  turtles ;  and  (as  is 
even  the  case  in  the  fin  of  the  Porpoise)  the  same  elements 


of  an  arm  are  found  as  in  the  quadrupedal  mammalia,  viz.  a 
humerut,  radius,  ulna,  aai  phalanges.     The  nostrils,  which  in 

•  The  soft  iategumenW  of  the  paddle  are  occasionally  preserred :  sc6 
Ae  figure  of  a  beautiful  e^tample  from  Barrow-on-Soar,  Geol.  Trans. 
2nd  scr.  vol.  vi.  pi.  20.  and  Medala,  p.  6G9. 
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Crocodiles  are  situated  at  the  extremity  of  tbe  beak  w  nmzzle, 
are  in  the  Enaliosauri  placed,  as  in  the  Cetacea,  beneath  tbe 
orbits.  The  rertebrs  are  somewhat  hourglass- shaped,  but 
leas  so  than  in  tbe  sharks  and  other  fishes ;  the  spinal  co. 
lumn  admitted  of  the  utmost  freedom  of  motion,  while  in  the 
neck  the  vertebrje  connecting  the  head  to  the  spinal  column 
are  ancbylosed,  and  have  supplementary  bones  to  increase 
the  strength,  and  diminish  motion.*  The  general  figure  of 
the  Ichthyosaurus  must  have  been  that  of  a  Grampus  or 
Porpoise,  with  four  large  paddles.  Tbe  teeth  prove  it  to 
have  been  carnivorous ;  the  paddles,  that  it  was  aquatic ;  tbe 
scales,  bones,  and  other  remains  of  marine  fishes  constantly 
found  in  the  abdominal  cavities  of  the  skeletons,  and  in  the 
coprolites,t  that  it  was  an  inhabitant  of  the  sea.  Its  skin 
appears  to  have  been  naked,  or  at  least  destitute  of  scaltts  { 

28.  The  PLESiosiUETTs.§ — The  discovery  of  a  remarkable 
specimen,  by  Miss  Anning,  enabled  Mr.  Coneybeare  at  once 
to  establish  the  characters  of  that  eitraordinary  eitiuct 
marine  reptile,  the  Ptesiosaurus,  which  differs  from  the 
Ichthyosaurus  in  the  extreme  smallness  of  the  head,  enor- 
mous length  of  tbe  neck,  and  other  osteolo^eal  pcculiar- 

•  Memoir  on  b  Pemliarity  of  Stmeture  in  the  Npok  of  the  Ichthyo- 
aaurus,  bjr  Sir  P.  M.  de  Grey  Ei^Idd.  Geol.  Tmn.  2nil  aer.  vol.  v.  p.  187. 

t  The  CvprolUa,  or  foisil  eicreroenlB,  of  IchlLyoBauri  (the  true  nutiiie 
ofwhtch  wufirBtowxilained  by  the  saf^citj  of  the  late  Dean  of  West- 
minster] are  found  in  profusion  in  the  clays  and  marlstonea  of  the  Lia«; 
often  occupying  the  abdominal  cavity  of  the  slieleton  (see  Dr.  Butklatid'B 
Bridtc.  Treat.,  p.  190,  pi.  Ih) ;  and  the  atnte  of  preservalinn  of  Iheae  pecu- 
liar bodies  is  such,  aa  to  show  not  only  the  nature  of  the  food  of  thrae 
reptiles,  but  also  the  dimensiuns,  form,  and  structure  of  the  siomach  and 
intestinal  canal.  The  coprolitea  of  the  fishea  of  the  chalk  often  aiTard  like 
indications.    See  above,  p.  358 ;  and  Meduls  of  Creation,  p.  621 . 

1  Relica  of  the  skin  occur  in  a  fossil  slate.  See  BuckUnd's  Bridge- 
water  Treatise,  Plate  10,  fig.  A.  1,  2,3,  4;  Mr.  Cole's  pnperon  the  skin 
of  the  Ichthyosaurus,  Geol.  Journa],  vol.  ii.  p.  79 ;  and  Mr.  C.  Moore'* 
remarks  on  the  subject,  Ueport  Brit.  Assoc,  1856,  p.  69. 

f  Meduli  of  Creation,  p.  671. 
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itiei.*    The  neck,  which  in  most  animalB  is  compoBed  of  five 
Tertebrie,  aud  m  the  extreme  recent  example,  the  Swan,  Aoea 


not  exceed  twenty-four,  here  conBists  of  irova  twen^  to 
forty  i  and  ite  length  m  sometimes  equal  to  that  of  the  entire 
body  and  tail.  This  reptile  combines  in  its  structure  the  head 
of  a  lizard,  with  teeth  implanted  in  sockets  like  the  crocodile, 
— a  neck  resembling  tbe  body  of  a  serpent, — a  trunk  and  tail 
of  the  proportions  of  those  of  a  quadruped, — ^with  paddles 
like  the  turtle  (Lign.  \Z5,Jlg.  2).  The  vertebne  are  longer 
aud  less  concave  than  in  the  Ichthyosaurus,  and  the  ribs, 
being  connected  by  transverse  abdominal  processes,  present 
a  close  analogy  to  those  of  the  Chameleon. 

The  collection  of  Mr.  Hawkins,  now  in  tbe  British 
Museum,  containa  a  skeleton  eleven  feet  long,  and  so  nearly 
perfect,  that  the  entire  form  of  the  original  creature  may  be 
completely  restored.  Tbe  late  Dean  Coneybeare  compared 
the  Plesiosaurus  to  a  turtle  stripped  of  its  shell,  and  thought 
it  probable,  from  its  long  neck  presenting  considerable  im- 
pediment to  rapid  progress  in  the  water,  that  it  frequented 
the  coast,  and  lurked  among  the  weeds  in  shallow  water. 
As  it  is  evident  that  it  must  have  required  frequent  respira- 
tion, it  probably  swam  on  or  near  the  surface,  and  darted 
down  upon  the  small  fishes  on  which  it  preyed. 

Ichthyosaurs  and  Plesiosaurs  have  been  found  throughout 
the  secondary  strata,  from  tbe  Lias  to  the  Chalk  inclusive ; 
with  the  exception  of  tbe  We^den,  in  vbicb  no  traces  of 

■  In  the  iMmum  of  the  Plesiiwaunu  the  eoraeaid  bones  have  their 
gre*(«st  derelopment.    Medals,  p.  667,  fig.  213. 
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lehtiyotaari  have  been  discovered.  Lyme  Begis  is  tbe  most 
celebrated  locality  ia  £ngtand,  but  the  remams  of  numerous 
epecies  of  both  geuera  have  been  discovered  in  many  places 
in  tbis  country  and  on  the  Continent,  in  the  Oolite  and 
Lias,  The  British  species  of  the  Enaliosauri  known  and 
described  by  Professor  Owen,  amount  to  about  twelve  of 
the  IchthyoaauruB,  and  nearly  twenty  of  the  Plesiosaurus,* 
A  group  of  Eeptiles,  nearly  related  to  the  Enaliosaurians, 
but  distinguished  (under  the  name  of  Stmoaauri)  chiefly  by 
osteological  peculiarities  of  the  skull,  are  found  in  the 
Muschelkalk  and  other  strata  of  the  Trias  in  Germany.  Of 
these  there  are  about  eight  species,  belonging  to  the  genera 
NothosauruB,  Fistosaurus,  Conchiosaurua,  and  Simosaurus, 
which  have  been  described  by  Hermann  von  Meyer. 

29.  FTESonLCTYLBB,  or  FLrnra  EBPTiiBs.t — In  this 
rapid  sketch,  it  will  not  be  necessary  to  dwell  on  the  first 
appearance  and  subsequent  great  development  of  the  Lai^er- 
tian  tribes  through  the  periods  embraced  in  this  retrospective 
view,  as  we  have  already  noticed  at  considera'ble  length  the 
principal  extinct  Saurians,  whose  remains  have  been  disin- 
terred from  the  secondary  rocks.  I  pass,  therefore,  to  the 
Pterosauriana,  or  Flying-lizards,  of  the  ancient  world,  which 
unquestionably  present  the  most  extraordinary  modification 
of  reptilian  organization  which  the  researches  of  the  palae- 
ontologist bare  brought  to  light.  With  a  head  and  length 
of  neck  resembling  those  of  a  bird,  the  wings  of  a  bat,  and 
the  body  and  tail  of  an  ordinary  mammal,  these  creatures 
present  an  anomaly  of  structure  as  unlike  their  fossil  con- 
temporaries aa  is  the  duck-billed  Platypus  or  Ornithorhyn- 
cus of  Australia  to  existing  animals.  The  skull  is  small, 
with  a  long  beak,  furnished  sometimes  with  upwards  of 
sixty  sharp-pointed  teeth ;  the  size  of  the  orbit  denotes  a 

■  British  Assoc.  Heports  for  1839,  p.  12G;  and  Monog.  Cret.  Rept. 
]8» 
t  rurodactrlux,  i'.  e.  Wtnf/tngir.—See  MedBls  of  Crestion,  p.  723. 
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large  eye,  and  it  ia  therefore  probable  that  the  BmaUer  ape 
cieB,  like  other  Inaectivora,  were  nocturnal.     The  outer  or 


little  finger  is  immenBely  elongated  for  the  support  of  a  mem- 
hraneous  expansion,  similar  to  that  which  is  extended  on  the 
fingers  of  the  Bat ;  impressions  of  this  membrane  are  seen 
in  some  specimens  {Li'ffit.  137),  The  fingers  terminate  in 
long  booka,  like  the  curved  claw  of  the  Bat.  The  size  and 
form  of  the  foot,  leg,  and  tbjgb  show  that  the  Pterodaetylcs 
were  capable  of  perching  on  trees,  and  of  standing  firmly  on 
the  ground,  where,  with  their  wings  folded,  they  might  walk 
or  hop  like  a  bird.* 

•  Sea  Dr.  Buckluid's  Bridgevater  TrealUe.    Mr,  Maitin  lias  inlro- 
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Twenty  apecicB  of  these  extraordinary  creatures  have  been 
diecoTered,  varying  in  size  from  that  of  a  Snipe  to  that  of  a 
Cormorant  or  an  Albatross.  Of  these,  twelve  have  been 
found  in  the  lithographic  stone  of  Bavaria,*  where  the  bones 
of  Pterodactyles  are  associated  with  the  remains  of  Dragon- 
flies  ;  in  the  Stoneafield  Slate  they  are  collocated  with  the 
elytra,  or  wing-cases,  of  beetlea.  In  the  Lias,  the  remains 
of  a  species  of  tlie  size  of  a  Baven  were  discovered  by  Miss 
Aiming.^  This  species  and  three  of  those  from  Bavaria  do 
not  belong  to  the  Pterodactyle  proper ;  but,  having  no  teeth, 
and  being  distinguished  by  their  long  stiff  tail,  they  are 
separated  by  Von  Meyer,  under  the  name  of  BamphorhyKCui 
(Benk-nose). 

Kumerous  thin  delicate  bones,  evidently  belonging  to 
Fterodaetyles,  have  been  found  in  the  WeaJden,  and  prove 
that  some  species  of  these  extraordinary  creatures  inhabited 
the  country  of  the  Iguanodon.  In  the  Chalk  of  Kent,  tke 
upper  and  lower  jaw-bones  with  teeth,  portions  of  a  com- 
coid  bone,  several  digital  bones,  and  parts  of  the  arm-bones 
of  large  Pterodactyles,  have  been  obtained.  From  a  com- 
parison of  these  relics  with  the  specimen  of  P.  erattiroxtrit 
{Lign.  1J7),  the  Kentish  species  appear  to  have  been  much 
larger,  and  it  is  estimated  that  the  expanded  wings  ofP: 
Caeieri  would  be,  at  least,  eighteen  feet  wide;  whilst  in 
another  Chalk  species  the  extent  of  the  wings  from  tip  to 
tip  was  fifteen  feet.{  Among  existing  reptiles,  the  diminu- 
tive Draco  volant  is  the  only  known  species  capable  of  flight. 

dnaeA  >  reslored  S^re  of  a  PleraJaclyle  in  Ihe  foreground  of  Ihe 
FcoDttspiece  of  Vol.  1.  of  this  work. 

•  Goldfuss,  Mova  Acla  Acad.  Nat.  Gui.  vol.  it.  p.  63.  This  memoir, 
by  the  great  German  pnlEeontoIogist,  is  illastntled  by  excellent  figarea 
of  Pterodactyles  from  Solenhofen.     See  alao  Miinster'a  "  Beilmge." 

t  Geological  Transactions,  2nd  Sec.  vol.  iii.  page  220.  This  unique 
•peciiDCD  is  now  in  the  British  Museum. 

}  Tlie  raiyority  of  (be  rare  and  Talnable  ipecimena  from  the  Chalk,  by 
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30.  OfHiDiAjra  {Serpenta)  and  Batkichiajib  {Frog-trihe). 
— There  are  no  veatiges  in  the  Becondsiy  fonnations  of  the 
Ophidians,  or  reptilee  destitute  of  feet  or  any  extremities 
for  progreBsive  motion ;  but  in  the  tertiary,  bones  of  a  few 
species  of  large  serpents,  chiefly  allied  to  the  Boas  and  Py- 
thons, have  been  discovered.  These  fossils  were  jjbtained 
from  the  Eocene  sand,  at  Eyaon,  in  Suffolk,  from  the  Lon- 
don Clay  of  the  Isle  of  Sheppey,  and  the  Bracklesham  beds 
on  the  Hampshire  coast.*  From  the  sijie  of  the  vertebne. 
Professor  Owen  ascertained  that  some  of  these  Eocene  ser- 
pents must  have  exceeded  twenty  feet  in  length.  "  Serpents 
of  such  dimensions,"  he  observes,  "  exist  in  the  present  day 
only  in  warm  or  tropical  regions  ;  and  their  food  is  by  no 
means  restricted  to  animals  of  the  cold-blooded  classes.  .  .  . 
Living  birds  or  quadrupeds  constitute  the  favourite  food  of 
the  ^thous  and  fioas,  of  similar  dimensions,  which  are  ex- 
hibited in  our  menageries. "t 

A  large  fossil  serpent,  having  some  alliances  with  the 
Hattle-Buake  and  other  venomous  Ophidians,  has  lately  been 
described  (under  the  name  of  Laophia  crotaloidei)  by  Prof 
Owen,t  from  evidences  afforded  by  several  vertebrte  collected 
near  Theasalonics  by  Captain  Spratt.  It  is  probably  of  the 
Miocene  age. 

Satraehiant. — The  reptiles  termed  Batracbians  (from  the 
Greek  name  for  Frog)  are  characterized  by  the  remarkable 
metamorphoses  which  they  undergo  in  the  progress  of  their 
development  from  youth  to  maturity.  Their  oi^ans  of  aerial 
respiration  consist  of  a  pair  of  lungs ;  but  in  their  young  and 

means  of  which  these  gigentic  Pterodactj'leB  hsre  been  determined,  en- 
lieb  Mr.  J.  S.  Boverbsnlc'i  choice  collection  at  Highbury.  See  Oneu'» 
Uonograph  of  the  Chalk  Reptiles,  PalieoDt.  Sac.,  1851. 

•  Medals  of  Creaticn,  p.  738. 

t  Geol.  Trans.  2nd  ser.  toI.  tI.  p.  210. 

X  Geol.  Joum.  vol.  xiii.  p.  196,  pi.  4. 
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aquatic  state  they  are  provided  with  gills,  supported  on  car- 
tilaginous arches,  as  iu  fishes.  The  early  ezisteuce  of  colosBal 
reptiles  closely  allied  to  this  order  has  already  been  shown  in 
the  Labyrinthodons  of  the  Triassic  system  (see  p.  552).  In 
the  tertiary  strata,  the  skeletoDa,  imprints  of  the  footBteps, 
and  even  vestiges  of  the  soft  parts  of  several  species  of  Frog,  ■ 
Toad,  and  Newt,  have  been  found.*  In  the  papierkohle  of 
the  Browncoal  of  the  Ehine  (see  p.  283),  several  species  are 
met  with.t  In  the  neighbourhood  of  Bombay,  small  batra- 
cholites  have  been  found  in  a  blaek  shale,  apparently  of  ter- 
tiary date.} 

But  the  most  celebrated  fossil  of  this  class,  from  the  ter- 
tiary deposits,  is  a  gigantic  Salamander,  three  feet  in  length, 
obtained  more  than  a  century  since,  from  the  miocene  lacus- 
trine limestone  of  (Eningen,  in  the  same  quarry  which  yielded 
the  fossil  Tox  previously  described  (see  p.  268).  The  first 
discovered  specimen  of  this  fossil  Batrachian  {Liffn.  138) 
acquired  great  celebrity,  from  an  eminent  physician  of  his 
day,  Scheuchzer,  having,  under  some  extraordinary  delusion, 
regarded  it  as  a  petrified  human  skeleton,  and  described  it, 
under  the  name  of  "  Somo  Dilitvii  testis  et  Theoteopot"  aa 
being  "  the  moiety,  or  nearly  so,  of  the  skeleton  of  a  man, 
with  the  bones  and  flesh  incorporated  in  the  stone,  and  a 
relic  of  that  accursed  race  which,  was  overwhelmed  by  the 
Deluge."  5 

Cuvier,  when  at  Haarlem,  in  ISll,  examined  this  specimen, 
and  asceriAined  it  to  be  the  skeleton  of  an  extinct  species  of 
aquatic  S^amander;  he  cleared  away  the  stone  and  exposed 
the  four  legs,  and  the  jaws,  beset  with  teeth. ||     There  we 

•  See  PioWt's  Palfiontologie.  Me  edit.  toI.  i.  p.  561. 
t  GoldfuBs,  Nova  Acta,  toI.  xv.  pnrl  1,  p.  107,  pi.  11,  12,  and  W. 
X  Geol.  Jnnrnal,  vol.  in.  p.  224. 
}  Philos.  Trans,  for  1726,  vol.  xixiv. 

II  A  full  iiccoiint  and  illustrations  of  ihis  fossil  are  given  in  the  "  Osse- 
mena  Foasiles,"  vol.  v.  p.  431 
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■ome  fine  remama  of  the  (Eningen  Salamander  in  the  collec- 
tion of  the  British  Muaeum. 


31.  Review  of  the  age  of  Eeptiles. — Prom  the  ex- 
aminatioQ  of  the  organic  remains  of  the  Secondary  Forma- 
tions  we  obtain  the  following  results :  that  the  seas,  lakes, 
and  rivers  during  these  geological  periods  swarmed  with  rep- 
tiles, fishes,  mollusca,  Crustacea,  annelida,  echinodermata.  io> 
ophytes,  foraminifera,  sponges,  and  sea-weeds  ;  all  of  eitinct 
species,  and  presenting,  as  a  whole,  a  greater  discrepancy 
with  esisting  forms  than  those  of  the  Tertiary ;  the  most 
remarkahle  feature  heing  the  apparent  absence  of  Cetacea 
(p.  325),  and  the  presence  of  several  genera  of  marine  Bep- 
tiles. 

On  the  land  we  find  but  little  analogy  to  the  tf^rrestrial 
inhabitants  belonging  to  the  tertiary  or  present  eras : 
throughout  the  vast  accumulations  of  the  apoUs  of  the  an- 
cient Islands  and  Continents,  although  the  remains  of  croco- 
diles, fresh-water  turtles,  insects,  and  terrestrial  plantsahound, 
a  few  jaws  of  very  small  animals  are  the  sole  indications  of 
the  existence  of  Mammalia ;  and  the  evidence  of  the  presence 
of  Birds  is  even  less  clear.  In  vain  we  seek  for  the  relics 
of  Man,  or  the  remains  of  works  of  art, — for  the  skeletons 
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of  the  Mastodon  or  tbe  Mammoth, — of  the  Falieotherea,  or 
other  mammala  that  were  their  contemporaries ;  the  oaseoue 
remains  of  terrestrial  aod  fluviatile  Bfptiles  alone  appear. 
In  the  emphatic  language  of  CuTier,  "  Noua  remonfont  done 
a  un  autre  dge  du  monde, — a  eet  dge  ou  la  terre  n'Slml  encore 
parcourue  que  pardea  reptiles  a,  sang  f raid,  oit  la  mer  abondoit 
en  ammonitet,  en  helemnites,  en  terebratuleg,  en  enerinilea,  el 
ou  torn  eet  genret,  aujourd'hw  d'ttne  rareti  prodigieuse,  fai- 
soient  lefond  de  ea  population."* 

The  earliest  indi<:ations  of  air-breathing  vertebrate  animala 
is  the  little  Elgin  reptile,  and  the  supposed  imprints  of  che- 
Ionian  footsteps  in  iJevouiao  sandstoiie.  lu  the  succeeding 
Carboniferous,  Permian,  and  Triassic  periods,  Saurobatra- 
chians  occur,  often  of  great  bulk,  and  in  great  numbers ;  and 
on  the  later  sanda  of  those  old  shores  are  found  the  foot- 
tracks  of  bipeds  which  seem  to  point  to  a  higher  class,  that 
of  birds,  for  their  caigin.  In  the  following  periods,  em- 
bracing the  deposition  of  the  Lias,  Oolite,  Wealden,  and 
Chalk,  swarms  of  reptiles  belonging  to  numerous  genera 
everywhere  prevail ;  species  fitted  to  live  in  the  air,  on  the 
land,  in  lakes  and  rivers,  and  in  the  seaa, — yet  not  one 
identical  with  any  existing  form.  These  gradually  decline 
aa  we  approach  the  close  of  the  secondary,  and  are  succeeded 
in  the  tertiary  by  ae  varied  modifications  of  the  higher 
animals — the  mammalia  and  birds.  Thua,  the  faunas  of 
the  vast  periods  that  intervened  between  the  tertiary  and 
palffiozoic  ages  present  the  following  numerical  relations  in 
the  three  higher  classes  of  the  vertebrata: — 

iSeien  t  genera  of  small  Isnd-Bniniiils  (p.  394,  508, 
and  56L).  Wiitemberg,  Stonesfield,  and  Pur- 
beck. 

•  "  Oasemeng  FosiUea,"  tome  ».  2de  paitie,  p.  !0. 

\  Mr.  Becklea  has  ipecimens  of  other  Purbeck  genem,  alill  imde- 
scribed.  The  Dramatlitrnim  (EmmoDs),  being  probabl]'  Permuui,  is 
not  reckoned  liere. 
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^  rA  species  from  North  Carolitia  (p.  5SB,  ncle)  ;  Mi- 

other  fram  StonesBeld  1  (p.  524)  ;  another  from 
BlBm    ....   -       (he  Wealilen  ?  (p.  452) ;  and  many  species  in- 
Teired  from  footpriRts  on  sandstone  of  the  Triaa- 
.    sic  period  }  (p.  557). 

'Afarine  .-—Fifty  genera,  inclndinf  abora  one  hun- 
dred and  forty  species. 
Reftilks     .     .     ,  ■    Terrislrial  and    MuBiodfa;  —  Forty-fixe   gcner*, 
comprising  aboMt  two  hundred  species. 
^Flying; — Two  genera,  conlalning  nineteen  species- 
Here,  then,  the  classes  Mammalia  and  Aves,  which  con- 
stitute the  essential  features  of  the  existing  terrestrial  faunas 
of  almost  all  countriea,  are  represented  through  a  period  of 
time  of  incalculable  duration,  by  a  few  diminutive  quadru- 
peda,  by  some  uncertain  vestiges  of  birds,  and  problematical 
foot-printa  of  bipeds  on  the  rocks ;  while  everywhere  bones, 
teeth,  and  entire  skeletons  of  reptilian  forms,  adapted  for 
aerial,  terrestrial,  and  aquatic  existence,  afford  unequivocal 
proofs  that  the  air,  the  land,  and  the  waters  were  tenanted 
by  cold-blooded  vertebrate  animals.     In  the  succeeding  ter- 
tiary ages,  the  fossil  remains  of  reptiles  belong  to  species  of 
existing  ^pes,  and  are  associated  with  the  relics  of  innumer- 
able mammiferouB  quadrupeds. 

Now,  if  we  admit,  to  the  utmost  extent,  the  effect  of 
causes  that  may  be  supposed  to  have  operated  to  the  exclu* 
sioa  of  the  remains  of  mammalia  from  the  secondary  forma- 
tions, still  the  overwhelming  preponderance  of  the  replUian 
tribea,  both  on  the  land  and  in  the  waters,  is  most  striking. 
And  here  we  may  inquire  whether  this  remarkable  pheno- 
menon warrants  the  hypothesis  which  some  eminent  geolo- 
gists have  advanced,  namely,  that  during  the  periods  ante- 
cedent to  the  eocene,  the  earth  was  not  adapted  for  the 
existence  of  mammalia  F — that  it  was  in  a  state  of  turbulence 
and  convulsion,  which  colossal  reptile  forms  were  alone  cal- 
culated to  endure ;  that  it  was  a  half-finished  planet,  unsuit- 
able for  warm-blooded  animals ;  and  that  its  atmosphere  was 
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incapable  of  supportiug  the  higher  types  of  animal  organizar 
tiou  ?  The  probability  that  birds  existed  in  the  country  of 
the  Iguanodon — the  certainty  that  marsupial  and  inaectivor- 
OUB  mammais  were  the  oontemporariea  of  the  Megalosaurua 
and  Pterodactyles — that  trees  and  plants,  similar  to  many 
which  now  grow  in  regions  abounding  in  birds  and  warm- 
blooded quadrupeds,  flourished  throughout  the  "  Age  of 
BeptUes,"  are  facts  which  appear  to  me  fatal  to  such  a  hy- 
pothesis, and  to  prove  that  the  general  temperature  of  the 
earth,  and  the  physical  constitution  of  the  sea,  and  the 
atmosphere,  were  not  essentially  different  from  those  which 
now  prevail.  That  the  class  of  reptOea  was  developed, 
throughout  the  periods  embraced  in  this  review,  to  an  ex- 
tent far  beyond  what  has  since  taken  place,  cannot,  I  con- 
ceive, by  any  legitimate  process  of  reasoning  be  disputed ; 
but  I  do  not  think  that  in  the  present  state  of  our  know- 
ledge any  satisfactory  explanation  of  this  estraordinary  fact 
can  be  offered. 

32.  Objections  considebed. — There  are  persons  who, 
with  one  of  the  Bridgewater  essayists  (Mr.  Kirby*),  oppose 
these  conclusions,  and  have  recourse  to  the  most  strange 
conceits  to  account  for  the  phenomena  on  which  they  are 
founded.  But  it  is  for  those  who  reiuse  their  assent  to  de- 
ductions made  with  the  greatest  caution,  and  derived  from 
an  overwhelming  mass  of  evidence,  to  explain  the  entire  ab- 
sence of  all  traces,  not  only  of  Man,  but  of  the  whole  exist- 
ing species  of  animals  and  vegetables,  in  the  ancient  deposits ; 
while  there  is  not  a  river  or  stream  which  does  not  daily 
imbed  the  remains  of  the  present  inhabitants  of  the  globe. 
But,  however  future  discoveries  may  modify  this  hypothesis, 
tbey  cannot  invalidate  the  fact,  that  there  is  Qo  country  on 
the  face  of  the  earth  vrith  such  an  assemblage  of  animal  life 
as  that  possessed  by  the  regions  whence  the  delta  of  the 
Wealden  was  derived  ;  nowhere  is  there  an  island  or  a  cou- 
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tinent  inhabited  by  coloisal  reptiles  only,  or  (escepting  the 
G^pagos)  where  the  BeptUia  usurp  tl»  place  of  the  large 
Mammalia.  "We  have  seen  that  this  feature  in  the  zoology 
of  that  remote  period  wae  not  confined  to  the  country  of  the 
Iguanodon ;  in  every  part  of  the  world  where  geological  re- 
searches have  extended,  this  wonderful  phenomenon  appears 
— the  absence  of  mammiferous  animals  in  the  older  strata. 
The  bones  of  reptiles,  sometimes  of  enormous  size,  are  there 
the  only  remains  of  the  higher  animals  (except  fishes) 
that  occur  in  any  considerable  number.  It  is,  therefore, 
manifest,  that  there  was  a  period  when  oviparous  quadru- 
peds of  appalling  magnitude  were  the  chief  possessors  of 
the  lands  of  which  any  traces  remain  in  the  strata  that  are 
scceeaible  to  human  observation.  I  do  not,  however,  mean 
to  aver,  that  reptiles,  and  reptiles  only,  were  the  occupiers 
of  every  Island  and  Continent ;  b»t  that  it  appears  from  the 
most  irrefragable  testimony,  that  the  reptile  tribes  during 
the  secondary  periods  were  developed  to  an  extent  of  which 
the  present  state  of  animated  nature  adbrds  no  example.  It 
must  be  acknowledged  that  the  proposition  is  astounding, 
and  I  do  not  feel  any  surprise  that  many  intelligent  persons, 
whose  attention  has  not  previously  been  directed  to  geo- 
logical inquiries,  should  hesitate  to  admit  its  correctness ; 
but  the  conclusion  is  drawn  from  such  an  immense  accumu- 
lation of  facts,  corroborated  by  observations  made  in  every 
region  of  the  earth,  as  to  compel  assent,  in  spite  of  all  our 
preconceived  opinions.  "We  may,  indeed,  call  up  from  the 
depths  of  our  ignorance  hypotheses  as  marvellous  as  the 
phenomena  thev  are  intended  to  explain,  but  which  a  very 
slight  examination  of  the  facts  before  ns  would  prove  to  be 
untenable. 

33.  CoNCiUDiNO  BEUA.BKS. — There  is  another  objection 
to  which  I  would  allude ;  for  I  do  not  think  with  some,  that 
the  errors  or  prejudices  of  those  who  differ  from  us  should 
be  treated  with  silence  or  contempt ;  but,  rather,  that  it  is 
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our  duty  to  explain,  sgaia  and  again,  the  foundation  of  our 
belief,  in  the  hope  and  assurance  that  we  ahall  at  length  re- 
moTe  the  erroneoua  opinions  of  persons  wboee  scepticism 
arises  from  their  imperfect  acquaintance  with  the  subject. 
It  has  been  insisted  upon  by  those  whose  views  are  limited 
to  the  present  state  of  the  globe,  that  the  supposition  of  the 
earth  having  been  peopled  by  other  creatures  before  the  ex- 
istence of  the  human  race  is  incompatible  with  the  evident 
design  of  the  Creator,  and  derogatory  from  the  dignity  of 
Mmi,  for  whose  pleasure  and  necessities  they  assume  all 
living  things  were  created.  But  this  inference  is  at  vari- 
ance  with  what  we  know  of  the  living  world  around  us: 
everywhere  we  see  forms  of  animated  existence  utterly  un- 
coi^cious  of  the  presence  of  Man,  and  endowed  with  faoul- 
tiea  and  sensations  wholly  dissimilar  from  our  own.  Thus, 
while  in  the  beautiful  language  of  Scripture  we  are  told 
that  not  a  sparrow  falls  to  the  ground  without  our  heavenly 
Father's  notice,  a  philosophical  examination  of  the  present 
constitution  of  nature  would  alike  condemn  such  vanity  and 
presumption.  For  my  own  part,  feeling,  as  I  do,  the  most 
profound  reverence  and  the  deepest  gratitude  to  the  Eternal 
Being,  who  has  given  unto  me.  this  reasoning  intellect,  how- 
ever feeble  it  may  be, — and  believing  that  the  gratificatioa 
and  delight  experienced  in  the  contemplation  of  the  Won- 
ders of  Creation  here  are  but  a  foretaste  of  that  inexpress- 
ible felicity  which,  in  a  higher  state  of  existence,  will  be  our 
portion  hereafter,  I  cannot  but  think  that  the  minutest 
living  atom,  which  the  aided  eye, of  man  is  able  to  explore, 
is  designed  for  its  own  peculiar  sphere  of  enjoyment,  and  is 
alike  the  object  of  Ilis  mercy  and  His  care,  as  the  most  stu 
pendous  and  exalted  of  Uis  creatures. 

"  Le  mtme  DIeu  cr£a  la  mousse  et  1*  Univers." 

In  nothing,  perhaps,  are  we  more  mistaken  than  in  our 
estimate  of  the  happiness  enjoyed  by  other  beings ;  to  em- 
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ploy  the  beautiful  simile  of  a  distioguislied  author, — "As 
the  moon  playa  upon  the  waves,  and  eeema  to  our  eyea  to 
favour  with  a  peculiar  beam  one  long  track  amidst  the  wa- 
ters,  leaving  the  rest  in  comparative  obscurity,  yet  all  the 
while  she  is  no  niggard  in  her  lustre ;  for,  although  the  rays 
that  meet  not  our  eyes  seem  to  us  aa  though  they  were  not, 
yet  she,  with  an  equal  and  unfavouring  loveliness,  mirrors 
herself  on  every  wave ;  even  so,  perhaps,  happinesB  falls  with 
the  same  power  and  brightness  over  the  whole  expanse  of 
being,  although  to  our  limited  perceptions  it  seems  only  to 
rest  ou  those  billows  from  which  the  rays  are  reflected  back 
upon  our  sight."  *  And  if  we  admit,  as  all  muat  admit  who 
for  one  moment  consider  the  marvels  which  Astronomy  has 
unfolded  to  us,  that  there  are  countless  worlds  around  us, 
inhabited  by  intelligences  o£  whose  nature  we  can  form  no 
just  conception,  surely  the  d^coveries  of  Geology  ought  not 
to  be  rejected  because  they  instruct  us,  that  ere  man  was 
called  into  existence  this  planet  was  the  object  of  the  Al- 
mighty's care,  and  teeming  with  life  and  happiness. 

Thus  Geology  reveals  the  sublime  truth,  that  through 
periods  of  incalculable  duration,  our  globe  was  the  abode  of 
myriads  of  living  creatures,  enjoying  all  the  blessings  of 
existence,  and  which  at  the  same  time  were  the  destined 
instruments  for  the  elaboration  of  the  materials,  by  which 
the  surface  of  the  earth  was  rendered,  in  the  course  of  in- 
numerable ages,  a  fit  temporary  abode  for  intellectual  and 
immortal  beings  !  f 

•  Sir  E.  B.  Lytlon'8  "  Eugene  Aram." 

t  See  M'Coah  and  Dickie's  "Typical  Forms  and  Special  Ends  in 
Creation,"  1S5G,  for  some  interealing  remarks  on  the  adaptations  of  both 
fuesil  and  recent  animala  and  plants  to  their  functiom  and  conditions, 
and  a  brief  notice  of  the  oTidencaa  of  a  ]ong  prepuation  for  the  advcDl 
of  man  upon  the  esitb  (p.  34d). 
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\  ZoaphyteB:   GiirffiHIIa. 


1.  IsTBODUCTOEY. — In  many  of  the  depositB  of  tbe  Second- 
ary formations  reviewed  in  the  last  discourse,  a  large  propor- 
tion of  the  fossils  were  seen  to  consist  of  those  interesting 
types  of  animal  organization,  the  Polypifera  and  Crinoidea: 
some  of  the  OoUtic  strata,  as  for  example  the  Coral-rag, 
being  wholly  made  up  of  Corala;  while  many  of"  the  lime- 
atones  and  shales  of  the  Liaa  equally  abound  in  Pentacrinites 
and  other  forma  of  the  Orinoidea.  In  the  more  ancient 
paleozoic  formations,  to  the  eiamination  of  which  our  at- 
tention will  hereafter  he  directed,  we  shall  find  these  organ- 
isms in  still  greater  profusion  :  entire  mountain-chains  con- 
sisting of  the  consolidated  remains  of  corals,  and  vast  tracts 
of  limestones  composed  of  the  mineralized  skeletons  of  the 
Lily-shaped  animals. 

To  enable  tbe  unscientific  reader  to  comprehend  the  ori- 


.,  Google 


6M  THE  W0SDER8  OP  OEOLOGT.  Lwr.  TI, 

g:ia  and  fonuatioii  of  these  ancient  foesiliferoaB  rocks,  I 
therefore  purpose  devoting  the  present  Lecture  to  a  general 
view  of  the  natural  history  of  some  of  the  recent  aniinalB  of 
these  clasBee,  and  a  brief  notioe  of  the  most  characteristic 
fossil  species. 

2.  Oboahio  akd  iHOBOAno  bodiks.— The  beautiful 
world  in  which  we  are  placed  is  everywhere  full  of  objects 
presenting  innumerable  varieties  of  form  and  structure,  of 
action  and  position ;  some  of  them  being  inanimate  or  inor- 
ganic, and  others  possessing  oi^anization  or  vitality.  The 
organic  kingdom  of  nature,  in  like  manner,  is  separated  into 
two  grand  divisions,  the  animal  and  the  vegetable.  The 
differences  between  organic  and  inorganic  bodies  are  numer- 
ous and  manifest ;  but  it  will  suffice  for  my  present  purpose 
to  mention  a  few  obvious  and  familiar  characters. 

Alt  the  parts  of  bq  inorganic  body  enjoy  an  independent  exisleuce ;  if 
I  break  off  s  crystal  from  tUs  man  of  calcnTeoas  spar,  the  specimea  does 
not  lose  any  of  its  properties,  it  Is  etill  a  group  of  crystals  as  before:  bat 
if  a  branoh  be  separated  from  a  tree,  or  a  limb  from  an  afiimal,  each  is 
rendered  imperfect,  and  Ihe  parts  removed  suffer  decomposition, — the 
branch  vithers,  and  the  limb  andergoes  putrefaction.  If  crystals,  wbich 
may  be  considered  the  most  pertWcl  models  of  inorganic  substances,  be 
formed,  they  will  remain  unchanged,  unless  acted  upon  by  some  eileroal 
force  of  a  chemical  ot  mechanical  nature ;  within,  every  particle  is  at 
rest,  nor  do  they  possess  the  power  to  alter,  increase,  or  diminish  :  they 
can  enlarge  by  exlemal  additions  only,  and  decrease  but  by  the  removia 
of  portions  of  their  masa.  • 

"  These  remarks  must  be  taken  in  a  general  sense  only,  since  various 
experiments  haTs  demonstrated  that  the  molecules  of  inorganic  matter 
undergo  modillcatioii  by  the  slightest  action  of  light  and  variation  of 
temperature. 

"Prismatic  crystals  of  zinc  are  changed  in  a  feir  seconds  into  octa- 
hedrons by  the  heat  of  the  sun.  We  are  led  from  tho  mobility  of  fluids 
to  expect  great  changes  in  the  lelalive  positions  of  their  molecules,  ytbich 
must  be  in  perpetual  motion  even  in  Ihe  stillest  water  or  calmest  air ; 
but  we  were  not  prepared  to  find  motion  to  such  an  extent  in  Ihe  interior 
of  solids.    We  knew  that  their  partlclea  were  brought  nearer  by  cold  or 
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But  organic  bodies  hare  characters  of  a  totally  different  nature ;  they 
pouesa  deflnite  forms  and  structures,  which  are  capable  of  resisling  for 
a  time  Ihe  ordinarj  laws  by  which  the  changes  of  inoi^anic  matter  are 
regulated,  while  intemall;  ikey  are  in  constant  mulation.  From  the  first 
moment  of  the  eiialence  of  the  plant  or  animal  to  its  dissolution  'here  ia 
no  repose;  youth  follows  infancy, — maturity  precedes  age;  it  is  thus 
with  the  moaa  and  the  osk, — the  monad  and  the  elephant, — lifb  and  death 

Animals  and  vegetables  also  require  a  supply  of  food  and  air,  and  a 
suitable  temperature,  for  the  continuance  of  their  existence  ;  and  they 
are  nourished  by  fluids  elaborated  by  appropriate  organs,  and  transmitted 
tJirough  suitable  vessels.  In  the  germ  of  an  animal  or  a  vegetable  there 
is  a  vital  principle  in  action,  by  which  are  developed  in  succession  tha 
ordained  phenomena  of  its  exiaiance.  By  this  power  the  germ  ia  able  to 
attract  towards  it  particles  of  inanimate  matter,  and  bestow  on  them  an 
arrangement  widely  different  from  that  which  the  laws  of  chemistry  or 
mechanics  could  produce.  The  same  power  not  only  atlracla  these  par- 
ticles, and  preaervea  them  in  their  new  situations,  but  is  continually 
engaged  in  removing  those  which  might  by  their  presence  prevent  or  de- 
range its  operations ;  and,  on  the  other  hand,  so  soon  as  the  vital  princi- 
ple deserts  th^  body  which  it  has  animated,  the  latter  immediately  be- 
comes subjected  to  the  agencies  which  act  on  inorganic  matter;  "ia 
obedience  to  the  power  of  gravitalion  the  pliant  twig  hangs  down,  and 
the  slender  alem  bends.  In  animals  the  body  falls  to  the  ground  ;  the 
pressure  of  the  upper  parts  flattens  those  on  which  the  others  rest ;  the 
skin  stretches  out;  nnd  Ihe  graceful  rotundity  of  life  is  exchanged  for  iba 
oblateness  of  death."  *    The  laws  of  chemistry  then  begin  to  operate, — 


pressure,  or  removed  fikrther  from  one  another  by  heat;  but  it  could  not 
have  been  anticipated  that  their  relative  positions  could  be  so  entirely 
changed  as  to  alter  their  mode  of  aggregation.  It  follows  tcoat  the  low 
temperature  at  which  theae  changes  are  effected,  that  there  is  probably 
no  portion  of  inorganic  matter  that  is  not  in  a  slate  of  relative  motion. 
Prismatic  crystals  of  sulphate  of  nickel  exposed  to  the  aummer  heat,  in 
ft  close  vessel, '  had  their  internal  structure  completely  altered,  so  that 
when  broken  open  they  were  composed  internally  of  octahedrona,  with 
•quare  bases.  The  original  aggregation  of  the  internal  particles  had  been 
dissolved,  and  a  disposition  given  to  arrange  ihemselves  in  a  crystalline 
form." — Sfrs.  SomerviBt,  On  the  Canaexioa  of  the  Sdenct!,  p.  171, 
■  Dr.  Fleming ;   Philosophy  of  Zoology,  voL  i.  p.  39. 
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putrefaction  takes  place,— and,  finally,  dust  letams  to  dost,  and  tke  ipi- 
lii  of  Han  to  Him  who  gave  it. 

3.  Distinction  bxtwxbit  Aniuals  Aim  VBasTABLXS. 
— I  have  thus  briefly  described  a  few  of  the  phenomena  pe- 
culiar to  organic  existence ;  it  will  now  be  necessary  to  oSbr 
some  remarks  on  the  distinguishing  characters  of  animals 
and  vegetables ;  for,  unless  we  have  a  clear  perception  of  the 
phenomena  peculiar  to  each,  we  shall  not  obtain  correct 
ideas  of  the  nature  of  zoophytal  organization. 

"When  we  compare  together  those  animals  and  vegetables 
which  are  considered  as.  occupying  the  highest  stations  in 
each  kingdom,  we  perceive  that  they  differ  &om  each  other 
in  particulars  so  obvious  and  strikiiig,  as  not  to  admit  of 
question.  The  horse  and  the  grass  upon  which  it  feeds — 
the  bird  and  the  tree  in  which  it  builds  its  nest — are  so  es- 
sentially distinct  irom  each  other,  that  we  perceive  at  once 
that  they  belong  to  distinct  classes  of  organic  nature.  But 
it  is  far  otherwise  when  we  descend  to  those  animals  and 
plants  which  occupy  the  lowest  stations  in  vitality :  here  the 
functions  to  be  performed  are  hut  few,  the  points  of  differ- 
ence obscure,  and  it  requires  a  correct  knowledge  of  the 
laws  of  organization  to  enable  us  to  determine,  with  any  de- 
gree of  precision,  where  animal  hfe  terminates,  and  vege- 
table existence  begins.  The  Lichen  which  grows  on  the 
stone,  and  the  Zoophyte  attached  to  the  rock,  present  but 
little  difference  to  the  common  observer ;  both  are  perma- 
nently fixed  to  the  spot  on  which  they  grow,  from  the  ear- 
liest period  of  their  existence  to  their  dissolution ;  and  in 
the  vegetable  dried  by  the  heat  of  the  sun,  and  the 
polype  shrivelled  up  from  the  absence  of  moisture  during 
the  ebb  of  the  tide,  he  would  seek  in  vain  for  those  charac- 
ters which  would  assign  the  one  to  the  vegetable,  and  the 
other  to  the  animal  kingdom. 
i.  I4'£BTOU8    SiBiEM  AND  Sensatioh. — My  limits  will 
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not  permit  me  to  dwell  on  the  diatinctione  which  exist  be- 
tweea  auimals  and  vegetablea  in  their  chemical  composition, 
nor  on  the  different  influence  produced  on  the  atmosphere 
bj  their  reepective  agency :  and  I  must  content  myself  with 
explaining  the  remarkable  endowment  which  is  supposed  to 
be  peculiar  to  animal  organization,  namely,  that  of  teniation, 
and  to  be  dependent  on  that  structure  which  is  termed  the 
Nervous  or  medullary  system. 

When  uijr  object  cornea  in  conlact  w[th  mj  flnger,  I  am  wnsible  of  iU 
ptesence,  ind  the  lliiger  is  nid  to  posaea*  wnsation :  but  if  I  compren  oi 
cut  Bcroa  the  nerre  which  pawei  from  the  apioal  mertow  to  the  erni, 
thia faculty  of aensation  ii  auapended  ordeatroyed;  tbe asme  object maj 
come  in  contact  with  m;  fin^r  u  before,  but  no  feeling  is  excited  indi- 
Citing  lo  we  ita  presence.  Thia  phenomenon  ie  well  known,  for  every 
one  muat  sometimes,  in  lying  or  silting,  have  compressed  Uie  nerve  of  the 
arm  or  thigh,  and  occuioned  a  temporary  numbness  and  loM  of  accurate 
feeling  in  Ihe  limb.  I  perceive,  then,  by  my  own  experience,  that  sensa- 
tion is  inseparably  connected  with  the  presence  end  condition  of  the 
neives ;  and  ttiat  in  Han  and  the  vertebrated  animals  the  nervous  influ- 
ence ia  developed  and  transmitted  by  means  of  tlie  brain,  spinal  chord. 

In  ezsmining  the  other  diviaiona  of  the  animal  kingdom,  the  preaencs 
of  >  nerrona  ayatem,  more  or  less  developed  according  to  their  respective 
intellectual  and  physical  endovmenta,  may  be  detected.  In  those  of  the 
higher  orders,  nervous  filaments  can  be  diitinctly  traced,  from  their  ori. 
gin  in  the  brain  or  spinal  marrow,  to  their  distribution  in  the  various 
parts  to  whiiJi  they  communicate  aentation,  and  to  the  organs  to  which 
they  impart  the  influence  necessary  for  the  performance  of  their  several 
fiuictioni.  Bui  in  proportion  as  the  systems  of  absorbing,  secreting,  and 
circulating  veaaela  become  less,  a  corresponding  diminution  lakes  place  in 
the  nervous  fibres,  until  at  length  both  vessels  and  nerves  elude  oar  finite 
ohservalion,  and  we  are  left  to  infer  from  analogy,  that  probably  since 
sensation  depends  npon  the  presence  of  nerrei,  and  the  amalleat  animals 
evidently  posaeas  sensation,  a  nervoua  ayatem  eilala  in  the  minutest  Mo- 
nad which  the  highest  power  of  the  microscope  enables  ua  to  deacry.* 

*  Hence  Rudolph,  (he  celebrated  physiolt^st,  terms  those  animals  in 
which  no  traces  of  nermne,  or  nervous  matter,  can  be  delected,  the  Cryp- 
ionevra,  or  hidden-nerved. 

Our  knowledge  of  the  nervoua  syslem,  even  in  the  higher  animnls,  is 


.,  Google 


Oys  THE  TONDERB  OF  OBOLOOT.  Lwi.  VI. 

In  the  lugeat  tni  moit  eompUcatsd  Tefetable  oqiniiin*  no  tncea  of 
nerrei  an  perceptible,  nor  of  an;  gubaUnce  vhich  can  be  contidered  as 
at  all  enalogoui  in  structure  or  Aiaction  :  it  ia  therefore  concluded,  that. 
ai  Tegetablea  aro  destitute  of  nerrea,  they  an)  likewise  wanting  in  the 
laculty  we  term  Bonaation,* 

But  the  nerret  not  only  beitaii  feeling,  they  alao  confer  the  power  of 
Tolnnlary  motion  ;  and,  if  the  orgaiu  to  which  Ibe  nioloi  Darrea  proceed 
he  anitably  constructed,  they  enable  the  animal  to  effect  progieaaion,  or, 
in  other  words,  to  changie  ita  eituation  fnim  one  place  to  uiother.  As  we 
descend  in  the  acale  of  creation,  we  find  muiy  animals  destitute  of  that 
power,  and  liTing  on  the  same  spot  from  the  commencement  to  the  ter- 
mination of  their  existence ;  and  all  these  creatures  are  iahabitanla  of  the 

Such,  then,  are  the  eaeential  characters  of  ■  ammala — an 
external  determinate  form,  gradually  developed,  with  an  in- 
Mill  imperfect ;  and  "  that  there  may  be  sensibility  without  nerres,  and 
contractility  without  muscles,"  in  the  lower  animals  is  a  statement  that 
has  some  support  &om  observation.  See  "Seaside  Studies,"  Blat^- 
wood's  Magazme,  1857,  p.  413,  &c. 

■  Althungh  the  definition  here  given  is  sufficient  for  our  present  pur- 
pose, yet  it  ie  necessary  to  slate,  that,  in  a  more  rigorous  and  philosophi- 
cal view  of  the  subject,  a  line  of  demarcation  between  the  vital  phenomena 
exhibited  by  animal  imd  vefetable  organisms  cannot  be  established.  The 
possession  of  a  stomach  or  digestive  sac,  and  the  power  of  locomotion, 
formerly  thought  to  be  peculiar  to  animnls,  are  no  longer  regarded  as 
■uch.  Even  the  difference  in  the  chemical  processes  effected  by  plants 
and  snimsla, — nsmely,  the  absorption  of  carbonic  acid  and  the  evolution 
of  oxygen  by  the  former,  and  the  opposite  effects  produced  by  the  Utter 
— thoi^h  a  very  general,  is  not  a  constant  character ;  for  some  animals 
evolve  ojygen ;  »nd  fifom  all  the  parts  of  plant*  which  are  not  green, 
carbonic  acid  is  exhaled :  and  when  light  is  removed  fram  Ifae  plant,  the 
same  thing  happens  everywhere.  See  Dr.  Btnee  Jonei't  GvlMbMian 
Ledurtt,  for  IS46.  The  very  difficult  subject  of  the  distinctive  separa- 
tion of  the  border-forms  of  animal  and  vegetable  life  is  treated  more  or 
leas  fully  in  nearly  every  work,  original  or  compiled,  on  loology  and 
physiology  :  for  example,  see  Literary  Gazette,  1856,  p.  965  -,  and  Brit, 
and  For.  Hed.  I^tur.  Review,  July,  1B56,  p.  3.  The  reader  should  alao 
avail  himself  of  the  lucid  and  eloquent  r^um£  of  opinions  on  this  subject 
in  M.  P.  H.  Gossfl'a  elegant  little  work  on  "  Life  in  its  Lower,  Inter- 
mediate, and  Higher  Forma,"  1857,  p.  25,  Ac,  where  Dr.  Burnett  (in 
Siebold'a  "  Comparative  Anatomy  "]  is  especially  quoted. 
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temal  organization  poweBaing  veeaeU  for  effecting  nutrition 
and  Bupport,  and  capable  of  attracting  and  aaeimilatiDg 
partide*  of  inorganic  mattef;  combined  vith  a  nerrous 
Bjetem  communioating  senution  and  Tolimtarf  motion;  a 
certain  term  of  eiiatence  being  aeiigned  to  determinate 
forms, — in  other  vorda,  a  period  of  life  and  death. 

5.  DiTERBiTT  OF  Akimal  fobub. — Animals  are  SB  Taried 
in  form  anA  magnitude  as  the  imagination  can  conceive; 
from  the  god-like  image  of  Man  to  the  globule  of  jelly  that 
ficata  upon  the  wave,— from  the  Elephant  and  the  Whale  to 
the  Insect  and  the  Animalcule,  of  which  miUiouB  may  be 
c<mtained  in  a  drop  of  water.  In  fact,  bo  numerous  and 
dissimilar,  both  in  form  and  Btnicture,  are  the  animal  organ- 
iBmB  that  exist  on  the  earth,  that  the  opinion  of  AstrtinomerB 
that  the  iuhabitantB  of  the  worlds  around  ub  mnst,  from  the 
different  densities  and  conditions  of  the  respective  jdouets, 
be  totally  distinct  and  unlike  any  that  are  known  to  ub,  can- 
not  he  considered  as  incredible  or  marvellous.*  But  of  all 
the  shapes  in  which  animal  existence  presents  itself  on  our 
^obe,  none  are  more  extraordinary,  or  unlike  what  is  com- 
monly conceived  of  living  heingB,  than  those  of  the  com- 
pound creatures  which  have  been  described  by  naturalists 
under  the  name  of  "  Zoophytes,"  or  "  Animal-plants,"  and 
are  &miliarly  known  in  their  varied  forms  by  the  names 
of  Polyps,  Corals,  Dead-men's-hands,  Sea-pens,  Sea-tans, 
Sponges,  &c. 

6.  ZooFHXTEB. .— In  classifying  the  Animal  Kingdom, 
naturalists  have  always  readily  recognised  the  diatinct- 
neaa  of  the  three  great  divisions,  now  known  as  the  Verte- 
brated  (Vertebrata  of  Cuvier),  the  Molluscous  {Molltuca  of 
Cuvier),and  the  Articulate  or  Annuloee  animalB  {Arlieulata 
of  Cuvier;  Antiuhta  of  Macleay)  ;  but  besides  these  there 
is  an  extensive  and  somewhat  heterogeneous  series  of  oni- 

*  Bee  Than^U  on  Animalcule!,  or  a  Glimpta  of  the  Invisible  World 
Tereiled  by  tbe  Microscope,  p.  7, 
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mala,  generally  of  far  more  simple  Btructure  as  individuala, 
though  frequently  existing  in  compound  and  intimately 
united  groups.  These  were  termed  Sadiaria  or  Badiata  by 
Lam&rck,  Fleming,  and  others,  on  account  of  the  apparent 
or  ikncied  radiation  of  the  organs  and  parte  of  the  animal. 
In  this  sub-kingdom  were  arranged  the  Echinoderms,  the 
Zoopbytea,  the  Entozoa,  the  Infusoria,  the  Sponges,  Ac. 
Becent  researches  have  led  to  an  improved  classification  tf 
these  lower  animals  in  many  reapects,  as  may  be  seen  in  tie 
works  of  modem  anatomical  and  physiolt^cal  naturalietsi* 
and  it  will  be  sufficient  here  to  point  out  that  the  word 
Zoophyte  is  now  technically  used  to  indicate  the  Corals  on^, 
although  in  a  general  sense  all  the  plant-bke  yniTniili)  ax 
sometimes  called  Zoophytes. 

Of  these  plant-like  animals  there  arc  thi*ee  important  and 
Tery  distinct  groups.     The  £ryozoa,t  or  "  Moss-animals  ;" 

*  See  Owen's  Lectuiei  on  tbe  Invertebnte  AniinalB,  2nd  Edit.  • 
Carpenter'a  General  and  CompualiTe  Phjsiology,  New  Edit. ;  Hnxley's 
Lectures  OQ  General  Natural  History  in  the  "  Medical  Times,"  1856 — 
n  i  Van  der  Hceven'a  Hand-book  of  Zoology  (inuulated  by  Dr.  Clarke)  ; 
SieboM's  Hand-book  of  Invertebrate  Animati;  Milne  Edwards'  Zoo- 
logie;  Dallas's  Natural  History  of  the  Animal  Kin^om;  Symer  Jones's 
Animal  Kingdom,  New  Edit. ;  Agaasiz  and  Gould's  ComparatiTe  Ana- 
tomy, &c.,  New  Edit.     (Bohn.) 

t  So  called  by  Ehrenberg,  on  account  of  their  small  branches  and 
frond-like  forms,  ia  contrast  with  the  Antltotoa,  or  "  Flower-animals," 
as  he  tonus  the  tme  Corals,  with  the  Snely  coloured  llo-wer-like  expan- 
sions on  their  branching  and  oflon  tree-like  skeletons.  Both  of  these 
^ups  have  also  other  names  ;  for  instance,  the  Bryoioa  or  Moss-corala 
are  the  "  Folyzoa"  of  Thompson,  Ihe  "Zoophyta  Asctdioida"  of  John- 
ston, and  the  "  Ciliobrachlata"  of  Faire ;  and  Ihe  Cor^  are  the  "  Poly- 
pifera"  of  Grant,  and  the  "Fhytozoa"  of  Brandt. 

The  name  Biyoioa  is  here  preferred  to  tlie  somewhat  earlier  one  of 
"Polyzoa"  (which  Dr.  Busk  uses  in  his  valuable  descriptions  of  these 
little  animals,  in  hia  "  Catalogue  of  the  Marine  Folyioa  in  the  Brilish 
Museum,"  and  in  his  "  Zoophytolo^"  in  the  "  Microscopical  Journal"), 
because  it  is  a  belter  and  more  distinctive  name,  there  being  several  other 
groups  of  Polt/soic  animals ;  because  it  has  been  eitensively  used  in 
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the  Attthozoa,  or  Corals  i^Zoophfta  proper) ;  and  the  Amor- 
phoata,  or  Sponges. 

The  Bryozoa*  are  compound  animalB,  grouped  on  a  homy 
or  caJcareouB  frame-work  (termed  the  "  polyzoary,"  or  the 
"polypaiy,"  as  is  also  that  of  the  Corals,  also  the  ccentBcium, 
or  "  common  dwelling")  ;  the  indiTiduals  or  poljpes  are  of 
minute  size ;  the  body  haa  a  ring  of  hollow  ciliated  tenta- 
cles  around  the  mouth ;  the  alimentary  canal  consiatB  of  a 
stomach,  gizzard,  and  an  intestine,  whidi  has  a  free  separate 
'vent, — a  character  of  much  importance,  placing  the  Bryozoa 
above  the  Corals  in  the  scale  of  creation,  and  indicating 
their  alliance,  on  the  one  hand,  to  the  Motifera  among  the 
Articulata,  and  to  the  Srachiopoda  and  Tanieafa  amoDg  the 
Molluscs,  on  the  other.  Many  of  the  Moas-corals  occur  on  the 
shells,  rocks,  and  eeaweeda  of  our  shores  ;  and  some  of  them 
take  the  form  of  delicate  Algie,  and  have  been  often  collected 
as  such.  They  have  been  also  miscalled  "Corallines;"  but  the 
real  Corallines  {Corallina  q^cinalis  and  its  allies),  although 
Btony  in  structure,  are  really  plants,  belonging  to  the  Algse ; 
there  is,  therefore,  no  relation,  except  that  of  "mimetic  re- 
semblance," between  the  CorallincB  and  the  Corals,  much 
lees  the  Bryozoa. 

The  Anthozoa,  or  Folypifera,\  comprise  ■  three  kinds  of 

ictoli^y  and  pulfflonlology ;  and  because,  in  the  case  of  appellalions  in- 
Tenfed  for  (rronpa  of  animals,  plant*,  or  rainerals,  whether  they  be  naniM 
of  ftenera,  faniilies,  orders,  or  classes,  it  ia  not  the  priority,  but  the  adapt- 
ability of  the  terra  that  should,  with  few  eiceptions,  determine  the 
(ceneial  use  of  such  appellations,  under  which  the  many  series  of  de- 
scribed apeciea  are  auccessirely  grouped  and  regrouped  by  philosophical 


With  "speciRc"  names,  however,  the  case  is  different;  the  published    . 
iiame  of  *  species  ia  (or  onght  to  be)  not  only  the  established  techuicol 
appellation  of  a  distinct  form  in  nature,  but  also  Ihe  legiatered  eiidence 
of  the  successful  laboDi  and  acumen  of  lis  discoverer  and  describer. 

•  Medals  of  Creation,  vol.  i.  p.  2G5,  &c. 

f  Medals,  vol.  i.  p.  251,  &c.     Bee  also  Edwards  and  Haime's  Mono- 
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Folyp-ftnimiUe, — lat,  one  of  very  simple  form  of  structure, 
like  that  of  the  "Fresh-water  Polype,"  or  Sydra;  hence 
thii  group  is  called  the  Rydroida  :*  2nd,  with  a  lees  simple 
structure,  other  caritieB  eiistiag  in  the  body,  besides  that  of 
the  etomacli ;  this  is  typiiied  by  the  common  Sea-anemone 
i^Aefinia)  ;  and  the  group  is  termed  the  Actinoidea  or  Zoan- 
tkaria  (animal-flowers),  including  the  great  mass  of  the 
atony  Corals  (Madrepores,  Ac.)  :  and,  3rd,  the  Atteroida  or 
Aleyonaria,  having  the  common  Alc^onium  or  Bead-man'a- 
hand  for  their  type,  and  being  characterised  by  their  Dearly- 
simple  stomach,  and  by  the  polypary  being  either  spongy 
or  horny  and  gelatinous,  and  rarely  forming  a  stony  axis. 

The  Sponges,  or  Porifera,'^  present  innumerable  yariationg 
of  form  ;  they  are  composed  of  a  usually  fibrous  skeleton, 
covered  with  a  gelatinous  coating,  in  which  cilia  and  tempo- 
rary alimentary  openingB  have  been  observed ;{  the  skeleton 
or  axis  is  perforated  with  large  and  small  passages,  and  is 
frequently  interwoven  with  siliciouB  or  calcareouB  spicnla. 
These  creatures  are  much  lower  in  the  scale  than  either  of 
the  other  Zoophytes.  They  hold  a  place  on  the  confines  of 
animality,  and  indeed  present  but  few  essential  points  of 
difference  from  vegetable  organisms. 

A  group  of  fossil  bodies,  chiefly  from  the  chalk,  and  known 
under  the  name  of  "  Ventriculites,"  §  were  long  regarded  as 
Sponges ;  but,  on  account  of  certain  pecidiaritieB  in  the 
structure  of  their  tissue,  Mr.  Toulmin  Smith  j|  has  assigned 
to  them  a  higher  place  in  the  animal  series. 

graplia  on  Foesil  Conls  (Introductran),  1850 — 54,  Palnont.  Society; 
Dana's  Zoophytes;   BlainviUe's  Actiualogie,  &c. 

■  Also  koown  as  th«  Sartularidte.  ^  Medals,  vol.  i,  p.  219. 

t  Boweibsnk,  B«port  Brit.  Assoc,  18S6  and  ISA?;  nod  Rof.  Soc 
Proc.  1357. 

I  See  above,  voL  i.  p.  330;  sod  Medals,  voL  L  p.  241.     In  Ihe  Lin- 
nnn  TnnsscU  toI.  zi.  p.  401,  Ihe  authoi  first  referred  theM  peculiu 
organic  bodies  to  Uie  Alcyoiiiun. 
■  i  AnaiUsNat  HiU.  2sei.  vol.  i.  lS4S,p.36,&c 
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7.  Akimal  nature  or  Zoophitib. — CoraU  were  long 
regarded  by  NaturalistB  as  aaimal-plants  (as  tbe  word 
"Zoophytes"  literally  means),  but  Feirante  Imperato,  in 
1599,  and  Feysoanel,*  in  17S1,  were  the  first  to  insist  on 
the  true  nature  of  these  plant-like  auimals.t  It  was,  how- 
ever, in  this  town  (Brighton)  that,  in  the  year  1762,  the 
animal  nature  of  many  of  the  Zoophytes  which  abound  on 
the  Sussex  coast  was  first  eatablished.}  l^r.  EUis,§  an 
eminent  Naturalist,  was  engaged  in  forming  a  collection  oi 
marine  plants,  and,  baring  occasion  to  examine  some  of  the 
specimens  through  a  powerful  microscope,  he  was  astonished 
to  find  that  the  Sponges,  at  that  time  supposed  to  be  veget- 
ables, possessed  a  syste^  of  pores  and  Teasels  through  which 
the  sea-water  drculated;  and  that  many  of  the  Biyozoa  ex- 
hibited cells,  from  which  tentacula  or  feelers  were  constantly 
protruding,  and  then  suddenly  retracting,  as  if  seizing  and 
devouring  prey.  Subsequent  observations  have  proved  that 
the  substance  we  call  "  sponge"  is  the  skeleton,  or  support, 
of  a  gelatinous  and  vascular,  or  sometimes  granular,  sub- 
stanc-e  which  invests  it,  and  which  may  be  considered  as  the 
fiesh  of  the  animal.J  "When  viewed  through  the  microscope, 
innumerable  pores  are  seen  on  the  surface  of  the  Sponge 
constantly  imbibing  Bait  water,  which  circulates  throughout 
the  mass,  and  is  finally  rejected  from  the  large  openings ; 
this  water  doubtless  contains  the  living  atoms  that  canBtitut« 
the  food  of  this  zoophyte,  but  which  are  so  minute  as  to 

•  Phil.  Trana.  Abridg.-iol.  i.  p.  257. 

t  For  the  hiadiry  of  the  leworchea  of  Naturalista  among  the  Zoophytes, 
see  Dana's"  Structure  »ad  Classification  of  Zoophytes,"  1846;  Blalnville 
"Manael  d'Actinologie,"  IS34;  and  Johnston's  "History  of  British 
Zoophytes,"  1638,  and  Kev  Edit. 

}  See  Prof.  Allraan's  Introduction  to  his  magnificent "  Monograph  of 
freshwater  Folyioa"  {Ray  Soc.),  1S36,  for  a  complete  history  at  the  re- 
cognition of  these  Zoophytes  as  animals,  and  as  forming  a  distinct  class. 

{  Author  of  the  beautiful  work  on  "British  Coridlines,"  &c.— long  U>e 
etandfird  authority  on  Zoophylology. 

II  Grant,  Edinb.  PbiL  Joura.  vol.  xiiL  p.  102. 
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elude  obBeiration.  It  is  only  of  late  tliat,>after  long  and 
patient  observationa,  Mr.  Bowerbauk  has  Bucceeded  in  de- 
moDStrating  the  existence  of  true  mouth-libe  openinga  in 
the  jelly-like  coating,  or  aarcode,  of  the  SpODge.  These, 
however, — wonderful  as  it  may  appear ! — are  of  a  temporaiy 
nature;  beingopeuedinaiiypart  of  the  surface,  apparently  at 
the  will  of  the  animal,  and  at  long  intervals  of  time,  and 
closiug  up  again  in  a  short  time,  without  the  least  trace  of 
them  remaining.* 

The  Sponges,  however,  approach  so  closely  in  their  struc- 
ture to  certain  plants,  that  many  eminent  Naturalists  have 
referred  them  to  the  Vegetable  kingdom,  believing  that,  if  a 
line  could  be  drawn  between  aniraala  and  vegetables,  the 
Sponges  should  be  placed  among  the  latter.  But  these 
bodies  appear  to  me  to  bold  an  intermediate  place, — to  be 
on  the  boundary  line  that  interveneB  between  the  two  grand 
divisions  of  animated  nature ;  they  are,  in  short,  true  Zoo- 
phytea  or  Animal-plaiits ;  it  will,  therefore,  be  instructive  to 
dwell  a  brief  space  on  the  investigation  of  their  structure 
and  economy. 

The  living  Sponge,  when  highly  magnilied,  exhibits  a 
cellular  tissue,  permeated  by  pores,  wmch  unite  into  cells, 
or  tubes,  that  ramiiy  through  the  mass  in  every  direction, 
and  terminate  in  larger  openings.  In  most  Sponges  the 
tissue  is  strengthened  and  supported  by  spines  or  apicula  of 
various  forms,  and  which,  in  some  species,  are  silicious,  and 
in  others  calcareous.f  The  minute  pores  through  which  the 
water  is  imbibed  have  a  fine  transverse  gelatinous  net-work, 
and  projecting  Bpicula,by  which  large  animalculeB  or  noxious 
particles  are  excluded  ;  water  incessantly  enters  into  these 

"  Bowerbank,  Brit.  Aasoc.  Keports,  IS.'iG,  p.  438 ;  Kid  1857. 

f  For  deaciiplions  of  the  Spicula  of  Sponges,  see  Prof.  Queketl'a  Lec- 
tures on  Histology  ;  and  bis  CataloKiie  of  the  Histologiciil  series  in  the 
Museum  of  the  College  of  Su^eons,  p.  177,  Ac,  pi.  10, 1!.  Mr.  Bowet- 
b*nlt'«  fartbcomins  History  of  the  British  8pon|;es  (Ray  Society)  will 
■apply  fiill  details  of  all  these  curious  organic  st 
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porea,  traversea  the  cells  or  tubes,  aad  ia  finally  ejected  from 
the  large  vents.  But  the  porea  of  the  sponge  have  not  the 
power  of  contracting  and  expanding,  tta  Ellia  supposed  ;  the 
water  is  attracted  to  these  openings  bj  the  action  of  instru- 
ments of  a  very  extraordinary  nature  (cHia),  by  which  cup- 
renta  are  produced  in  the  fluid,  and  propelled  in  the  direc- 
tion required  by  the  economy  of  the  animal." 

8.  CitiA,t  OB  viBBATiLE  OBQAMS. — Although  these  or- 
gana,  which  are  termed  Oilia  from  their  hair-like  appearance, 
are  not  confined  to  the  clasa  of  animals  which  form  the  sub- 
ject of  this  inquiry,  yet  they  play  bo  important  a  part  in  the 
economy  of  Zoophytes  and  all  other  animals,  that  it  will  be 
necessary  to  define  their  structure  and  functions.  These 
processea  resemble  very  slender  fibres  or  hairs,  and  are  only 
visible  under  a  powerful  microscope.  They  are  situated  on 
parts  habitually  in  contact  with  water  or  some  other  fluid, 
and  posaeas  the  power  of  performing  a  rotatory  or  circular 
oscillation  with  great  rapidity,  by  which  they  produce  cur- 
rents and  eddiea  in  the  surrounding  fluid. 

When  a  drop  of  water  contaming  InfuBorin  is  brought  under  tha 
microscope,  it  is  seen  that,  as  the  creatorea  move  along,  erecy  particle  of 
foreign  mattor  near  them  ia  agitated,  a  phenomenon  indicating  eddies  in 
the  water.  When  the  animalcules  reown  stationarj,  the  currents  are 
more  distinct,  and  evidentlj'  take  certain  directions,  causing  the  particles 
of  matter  to  run  in  a  stream  to  and  from  tho  animal.  l(  a  very  high 
magnifying  power  be  employed,  transparent  filaments  will  be  distinguish- 
ed projecting  from  the  surface  of  the  animalcules,  and  moving  with  ex- 
treme rapidity.  These  are  the  Cilia,  which  Berre  to  assist  in  piogrBSaion, 
and  when  the  animal  is  stationary,  impel  the  water  in  currents  Ihrougli 
the  cavities  and  tubes  on  which  the;  are  dtstribnted  :  these  must  not  ba 
mistaken  for  the  teniacvla,  or  feelers,  for  they  are  fringes  of  delicate 
fibres  investing  those  inatnimants  and  the  internal  surfhces  of  other  or- 
gans. The  Cilia  are  so  minute,  thai  their  outward  form,  position,  and 
the  direction  of  their  motions  only  can  be  detected,  their  internal  struc- 

■  Dr.  Grant,  Mr.  Bowerbank,  and  some  other  Naturalists  affirm  the 
existence  of  vibiatile  clUa  in  Sponges-  See  Gosse's  "  Life,"  p.  4,  and  p. 
34,  £c.  t  From  cilium,  an  eye-lash. 
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tnie  eluding  obaerrUion.  In  the  rimpIsBt  tuumol  orgimianii  tliey  are  lbs 
organs  by  which  motion  and  respiration  aie  effected,  and  tlie  food  necea- 
sary  for  nutrition  obtained.  But  they  eiisl  aleo  in  Man  and  the  higher 
OrdeiB  of  Terlebrata.  aad  are  the  instnimenU  by  which  many  of  the  mogl 
important  functions  of  the  animal  economy  are  performed.  Ab  we  can- 
not .separate  the  idea  of  muscular  fibre  from  animal  motion,  it  is  con- 
jectured  that  the  Cilia  are  Impelled  by  definitely  ananged  inueclea  :  and 
Bbrenberg  believes  he  has  detected  these  muscles  in  seioe  of  the  larger 
Infusoria.*  The  number  of  the  cilia,  eren  in  an  animalcule  invisible  la 
the  naked  eye,  is  almost  incredible  j  Dr.  Grant  calculates  that  a  singis 
polype  of  a  Plustia  has  400  miltions. 

9.  The  Hydba.,  ob  fbebh-wateb  PoLTPB.t — Before  de- 
Bcribing  the  zoophjrtes  which  are  the  immediate  subject  of 
this  Lecture,  I  would  call  your  attention  to  one  of  the  most 
simple  forme  of  anim&l  life  that  ahounda  everywhere  in  fresh- 
water streams,  and,  being  relatively  of  cousiderable  size,  will 
afford  a  convenient  illustration  of  some  of  the  vital  phe- 
nomena exhibited  in  the  coral- zoophytes  which  give  rise  to 
reefs  and  islands  in  the  seas  of  warm  climates,  and  of  one 
group  of  which  (the  Hydroida  or  SertularidcB)  it  ia  the 
simplest  form  and  type.  This  ia  the  Hydra,  or  fresh-water 
polype,  of  which  two  or  three  kinds  inhabit  our  ponds, 
rivuleta,  Ac,  They  are  generally  attached  to  the  stems  and 
leaves  of  aquatic  plants ;  and  the  largest  apeciea,  wben  in  on 
expanded  state,  is  from  a  quarter  to  half  an  inch  long,  and  of 
the  size  of  a  hog'e  bristle ;  it  is  constricted  at  the  end  at- 
tached to  the  plant,  and  has  an  aperture  or  mouth  at  the 
free  extremity,  from  around  which  proceed  &om  six  to  tea 

•  See  the  representation  of  the  Cilia  oa  the  rotatory  organs  of  the 
Rotifer  or  Wheel-animalcule  in  "  Thoughts  on  Animalcules,"  p.  35.  Th« 
continuance  of  the  ciliary  molion  in  parta  separated  from  the  rest  of  the 
body  of  Uytilui  and  many  other  animals,  and  eien  for  some  lime  aCler 
death,  proves  that  the  action  is  automatic,  or  independent  of  the  will  of 
the  animal. 

t  Polype,  or  polypus  (tmuiy^t),  is  a  name  deiired  from  the  tenta~ 
cuJfl  or  processes  which  in  some  species  serve  for  progression,  in  othem 
for  respiration.  The  name  has  been  also  applied  to  some  of  the  many- 
armed  Cephalopods. 
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loDg  delicRte  tentacula  {lagn.  139,Jig.  4).  The  Sydrte  pre- 
sent an  example  of  a  highly  endowed  organism  of  the  8im> 
pleat  Btmcture ;  the  whole  animal  consiating  merely  of  a 
gelatiDOUs,  transparent,  open  cylinder,  or  tube,  contracted 
at  one  extremity,  and  having  the  margin  of  the  other  pro- 
longed into  tubular  tentacula.  It  is,  in  fact,  a  atomacb,  or 
digeetiTe  sac,  with  no  a;  pendage  bnt  the  inatrumraitB  for 


nmcUd.llKoUn' eiTandM.    a.  aVdra  RrWU,  unr 
i^rf^  Irom  Lti  ccnulDlni  rwd.     I.  Terllnt  aHllai 


seizing  its  prey.  A  vertical  section  (Ctyn.  139,  ^y.  5), 
highly  magnified,  showa  the  interior  of  the  receptacle  for  the 
food,  the  relative  thickness  of  its  substance,  and  the  mannw 
in  which  the  tentacula  are  formed  by  an  extension  of  the 
upper  margin.  The  Hydra  ia  endowed  with  vitality  in  ft 
very  extraordinary  degree,  and  its  substance  ia  highly  aensi- 
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tire  and  contrttddle  in  all  its  parts.  It  fixes  itself  to  other 
bodies  by  the  small  esd  of  the  tube,  and  expands  and  con- 
tracts at  pleasure.  These  enlarged  dravinga  (Xiyn.  139) 
represent  the  polypes  in  different  positions  and  states  of 
confj-action.  The  mode  of  progression  b  shown  in  Jigi.  6, 
7,  8  J  it  is  effected  by  the  bending  of  the  body  into  a  curve, 
and  holding  by  the  tentacula ;  the  base  is  then  brought  into 
contact  with  the  fixed  point,  and  the  tentaculft  are  again 
projected  forwards.  The  Hydra  •  can  greatly  elongate  the 
body,  and  also  contract  itself  into  a  small  globular  mass,  aa 
in  the  uppermost  polype  \afig.  2. 

The  most  extraordinary  vital  endowment  possesBed  by 
these  fresh'Water  polypes  is  that  of  the  reproduction  of  lost 
parts  to  an  almost  unlimited  extent ;  even  to  the  formation 
of  several  perfect  animala  &om  the  separated  pieces  of  a 
single  individual.  If  the  body  be  split  in  half,  each  portion 
grows  into  a  complete  Hydra,  as  is  shown  in  this  drawing 
(Jig.  9) ;  and,  ae  if  there  were  no  limits  to  its  transforma- 
tions, the  creature  may  be  turned  inside  out,  and  that  which 
was  th«  surface  of  the  stomach  will  become  the  epidermis, 
and  the  outer  skin  form  the  lining  of  the  new  stomach,  ^id 
carry  on  the  process  of  digestion  It 

10.  ELEMESTiBT  osoAHic  STEnoTTiEE ;  Cells.  —  The 
interpretation  of  these  phenomena  is  to  be  found  in  the 
peculiar  organization  of  the  Hydra,  its  entire  structure 
being  nothing  more  than  an  aggregation  of  cells. 

A  verlical  Beclion  of  the  PoljTe  {Lign.  139,^,  5)  ahowa  lie  intenial 
cavity  or  di^tive  sac,  (he  relatcTe  (hickneBS  of  the  anbslance  of  the  body, 
and  the  manner  in  which  the  arme  are  fonned  by  a  prolongation  of  the 
upper  part  into  hollow  praceuea.  This  animal  is,  in  fact,  a  simple  bbc 
or  pouch  forined  of  a  congeries  of  cells,  for  the  reception  and  assimilation 

<*  See  "  Thoughts  on  Animalcules,"  PI.  I„  for  coloured  figures  of  the 

t  Abraham  Trerabley  of  Geneva,  in  1740,  6rst  observed  this  wonder- 
ful property  of  the  Hydra.  See  hts  work,  "M^moires  pour  servii  ll 
I'Histoire  d'un  Genre  de  Polypes  d'Eau  doucs."    4',  Leyde,  1744, 
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of  food.  The  cellg  limng  tlie  gtomach  select  aod  abaoib  the  nntritioiu 
particlea,  and  the  tube  then  spoil  taneoiuly  cantncta  and  cuM  out  the 
residue  of  digestion.  This  orguiiiBtion  is  uialogons  to  that  of  the  lim- 
plest  condition  of  the  Tegetable  kin^om,  the  CtUuiatii:  far  CTeu  the 
large  Fmi,  or  aea-weedB,  conaiat  only  of  cells.  The  fieah-water  Confervm 
are  merely  jointed  films  compoted  of  cells,  coniaininfc  gianules  or  lesser 
culla.  A  cell  bursts,  the  granulea  escape,  and  float  in  the  water  until 
they  become  flxed  to  some  other  body  ;  Ihey  then  reproduce  cells,  which 
are  aggregated  after  the  same  pattern  as  in  Ihe  parent  plant.  The  com- 
mon mould  or  mustiness  is  a  cluster  of  plants  formed  of  cells  only  ;  and 
there  are  some  legetables  in  which  the  entire  plant  cooaiata  of  but  on* 
UolaledceUi  such  as  Ihe  red  anow  {Ltparianivaiii) ;  whilst  in  the  yeast- 
fungus  {Tortulaeenvuui),  the  plant  cooaisls  of  but  one,  two,  three,  or  a 
few  more.  In  these  examples  we  see  thai  all  the  functions  of  Tegelable 
life,  namely,  absorption,  assimilation,  the  fixation  of  carbon  from  (he 
atmosphere,  respiration,  exhalation,  secretion,  and  reproduction,  can  be 
eflected  by  one  single  cell.  Eien  in  the  highest  and  most  complicated 
orders  of  vegetables,  in  which  there  is  a  Tariely  of  organs  adapted  for  the 
performance  of  different  offices,  these  functions  are  effected  by  the  agency 
of  cells,  ihich  obtain  materials  of  formation  and  support  from  the  ordi- 
nary chemical  agents  around  them.  Thus  an  aggregation  of  simple  celU 
firms  the  cellular  tissue;  a  fusion  or  blendiug  of  several  cells  produces 
the  vessels,  and  so  forth ;  and  by  cells  are  elaborated  the  gum,  resin,  oil, 
starch,  gluten,  &c. :  and  by  cells  specially  endowed  are  secreud  the 
narcotic  substance  of  the  poppy,  the  deadly  poison  of  the  nightshade,  and 
the  stimulant  aromatic  of  the  clove. 

In  tike  manner,  in  animal  structures,  all  the  various  proceases  of  vital- 
ity are  performed  by  cells  or  globules,  varying  in  size  from  infinite  mi- 
nuteness to  forms  xiiible  to  the  unassisted  eye.  Thus  one  system  of  cells 
secretes  the  bile,  another  the  adipose  substance,  another  the  nervous 
matter,  and  so  forth  ;  but  how  these  special  products  are  formed  by  cells 
apparently  of  similar  organization  we  know  not.  Whether  the  Special 
endowment  belonging  to  the  system  of  cells  of  a  particular  organ  depends 
on  the  intimate  structure  of  (lie  wall  or  tissue  of  such  cells,  and  this 
structure  be  so  attenuated  and  infinitesimal  os  lo  elude  our  observation, — 
or  whether  it  results  from  (he  transmission  of  some  peculiar  modification 
of  that  mysleriouH  vital  force  we  term  nervous  influence,— are  questions 
to  which,  I  apprehend,  no  satisfactory  reply  can  be  given. 

In  fine,  a  minute  globular  cell  is  typical  of  the  common  germ  from 
which  all  organic  fabrics  proceed.  All  animals  and  plants,  therefore, 
may  Justly  be  regarded  as  definite  aggregations  of  cells,  endowed  »ith 
specifio  properties  in  the  different  types,  and  subjected  to  a  never  varj- 
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ing  1ii>*  of  derelopmflTit ;  and  in  animii!i,  aa  well  m  in  plants,  there  rib 
certain  kinds  in  which  the  entire  organisin  coDsigts  of  bnt  a  single  cell ;  * 
and  ath«ra  innhich  each  individual  is  but  a  cluster  of  luch  cells  arranged 
in  a  definite  manner.  These  mere  aggregations  of  cells  perform  all  the 
f^inclions  of  animal  life,  viz.  the  mainlenance  of  a  particular  form  for  a 
certain  period,  the  elaboration  of  materiala  of  support  from  food,  locomo- 
tion, and  the  perpetuation  of  the  species ;  hence  these  animala,  like  the 
■impleat  plants,  may  be  divided  without  losing  their  Titality,  and  every  part 
may  became  a  perfect  indindual.  To  this  clus  of  organiiatiim  belongs  the 
Hydra.;  and  the  above  exposition  of  its  structure  renders  the  production  of 
several  animals  from  (he  vivisection  of  an  individual  perfectly  iotelli^ble. 

11.  AtTALOOT  HOT  IDENTITY. — And  here  I  must  briefly 
comment  on  the  doctrine  of  the  law  of  development,  as  it  is 
termed,  ao  apecioiialy,  bvit  unphilosophically,  advocated  in  a 
late  work  ;t  in  which  it  is  attempted  to  show,  that  all  the 
varied  forms  of  organic  life  are  the  result  of  a  law  by  which 
is  produced  an  unbroken  chain  of  gradually  exalted  organiza- 
tion, from  the  crystal  to  the  globule,  and  thence  through 
Buccesaive  stages  of  the  polype,  moUusk,  &e.,  up  to  Man.} 

The  following  rematlts  will  serve  to  show  the  fallacy  of  this  reasoning. 
Though  it  is  an  established  physiological  axiom,  that  cells  are  the  ele- 
mentary basis,  the  ultimate  limit  to  which  we  can  trace  all  animal  and 
vegetable  structures,  and  that  the  varied  functions  in  which  organic  life 
essentially  consists  are  performed  by  the  agency  of  cells  not  distinguish- 
able from  each  other  by  any  well-marked  characters,  there  ia  not  the 
slightest  ground  (or  assuming  any  identity  between  the  primary  cells  of 
the  simplest  species  of  animala  and  vegetables,  much  less  those  of  Mghei 

•  The  Monads  ;  see  "  Thoaghu  on  Anlmalcnles,"  Plato  11. 

t  Vestiges  of  the  Natural)  History  of  the  Creation. 

I  The  following  remarks  of  Sir  John  Herschel  on  this  theory  are  too 
important  to  be  omitted.  "  The  transition  from  an  inanimate  crystal  to 
a  globule  capable  of  such  endless  organic  and  intellectual  development  ia 
as  great  a  step— as  unexplained  a  phenomenon— as  unintelligible  to  us  — 
and  in  any  human  sense  of  the  word  as  miracidoai,  as  would  be  the  imme- 
diate creation  and  introducliou  upon  earth  of  every  apeciea  and  every  in- 
dividual. Take  the  amazing  facta  of  Geology  which  way  we  will,  wo 
mast  resort  elsewhere  than  to  a  mere  speculative  law  of  development  for 
their  explanation." — BrU.  Auoc.  Repnrtfor  1845,  p.  42. 
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organization.  The  single  cell  wbicli  embodies  Titalilj'  in  Uieyeaat-fnngus 
or  the  motiikd  ia  governed  bj  the  aame  immutable  organic  laws  whioh 
preside  aver  the  complicated  etructure  of  Man  and  (he  other  reitebraU : 
and  the  ainjle  cell  which  is  the  etabryotit  condition  of  the  Mammal  has 
no  more  relation  to  the  single  cell  which  is  the  permanerit  condition  of  the 
monad.  thiiD  has  (hs  perfect  animal  into  which  (he  mammaliai  cell  is 
ultimately  developed.  The  cell  that  forms  the  germ  of  each  spcciea  ot 
organism  is  endowed  wilti  special  properties,  which  can  result  in  nnihing 
hut  the  fabricalion  of  that  particnlar  species.  There  is  an  analogy  be- 
tween the  human  embryo  and  the  monad  of  the  Volvox,  in  that  each 
consists  of  simple  cells ;  but  there  is  no  more  identity  betweeiT  the  hu- 
man and  infusorial  cells  than  between  the  perfect  Man  and  the  mature 
Animalcule.* 

12.  The  Bbtozoa. — From  this  digression  we  return  to 
the  consideration  of  the  Zoophytes,  and  especially  of  the 
Bri/ozoa,  which  stand  first  in  order  among  the  plant-like 
animals,  and  are  well  called  Moaa-animala  on  account  of  their 
aggregated  raasBes  incmating  other  bodies  like  moaa.  Tkey 
present  numerous  fresh-water  species,!  as  well  as  an  extra- 
ordinary abundance  of  marine  forms.  Their  polypes,  though 
exceedingly  minute,  are  highly  organized,  their  digestive 
organa  being  more  complicated  than  those  of  the  other 
tribea  of  Zoophytes.J  I  will  select  one  of  the  moat  aimple 
and  common  forms  in  illustration  of  the  subject.  Moat  per- 
sons in  their  rambles  along  the  aea-shore  must  have  noticed 
on  the  aeaweeds,  ahella,  and  pebbles  patches  of  a  white  re- 
ticulated anbstance,  which,  when  cloaely  examined,  appear 
like  delicate  lace-work  ;  these,  apparently  mere  earthly  parti- 
cles, are  clusters  of  the  compound  zoophytes  termed  Flu»ira\ 
or  "  8ea-mat."     (See  Plate  'V.Jiga.  5,  6,  7,  8.) 

'  See  Notes  to  "  Thoughls  on  Animalcules ; "  and  Westminster  Re- 
view. No.  XC.  Art.  '■  The  Microscope  and  its  Revelationa." 

t  Most  philosophically  described  and  most  beautifully  illnstraled  bj 
Prnf.  Allmanmhi»"Monog.Frcsh-walerPolyioa,"  185S  (Ray  Society). 

I  See  above,  p    601 

i  The  word  Fliutra  is  hfre  intended  to  comprise  the  cloaely-alUed 
genus  MeTnbrantpora,  as  formerly,  for  the  sake  of  convenience  of  refer- 
ence and  desctipUon 
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The  Floatra,'  when  taken  tdiye  out  of  the  water,  preoents 
to  the  naked  eye  the  appearance  of  fine  net-work,  coated 
over  with  a  gloasy  vamiah  (P/.  Y.jig.  5)  ;  with  a  glass  of 
moderate  power,  the  surface  is  discovered  to  he  full  of  porea, 
disposed  with  much  regularity  {PI.  Y.fy.  8).  If  a  magni- 
fying glasa  be  employed  while  the  Fluatra  is  immeraed  in 
sea-water,  very  different  phenomena  appear;  the  surface  is 
found  to  be  invested  with  a  fleshy  or  gelatinous  mibstance, 
and  every  pore  to  be  the  opening  of  a  cell,  whence  issues  a 
tube  with  several  long  feelers  or  arms  (Zi^.  140)  ;  these 
expand,  then  suddenly  close,  withdraw  into  the  cella,  and 
again  iasue  forth  ;  the  whole  masa  being  studded  with  these 
hydra'like  forms.  The  Flustra  thus  constitutes,  as  it  were, 
a  family  of  polypes,  each  individual  of  which  ia  permanently 
fixed  in  a  calcareous  cell,  and  the  whole  united  by  a  common 
integument,  by  which  the  hard  &ame-work  was  secreted. 
Under  a  powerful  microscope  the  form  and  structure  of  the 
uniroftl  of  the  Flustra  may  be  easily  distinguished.  PI.  T. 
fy.  6,  represents  a  single  polype  with  its  tentacula  extended ; 
ond^y.  7,  the  same  animalcule,  withdrawn  into  its  cell.  The 
figure,  Lign.  140,  shows  a  polype  protruded,  under  a  much 
higher  power.f 

The  body  of  the  tumnalcule  consists  of  a  transparent  sac 
or  pouch,  doubled  on  itself,  and  having  at  the  mouth,  or 
large  external  opening,  ten  or  twelve  tentacula  fringed  with 
cilia,  which  have  the  power  of  extending  and  contracting 
themselves  with  great  celerity. 

The  Flustroid  Bryoioa  present  considerable  variety  in  the 

'  For  Ihe  latest  tectmicKl  deacriptiaiu,  und  deUiled  illuetralions  of  the 
nceatFltutra  and  their  nllies,  see  Jahnslon'a  Bril.  Zoophytei,  2ud  Edit. 
p.  342 ;  BuBk'B  Polyoioa  Brit.  Mtu.  p.  16  ;  and  Aldet'a  Cat.  Zoophyt.  p. 
139. 

t  Thia  figure  is  ftom  a  memoir  by  Mr.  Lister  (Fhiloi.  Traaa.  1834) 
en  tlie  Blcuctnre  and  fuoctioDa  of  tbe  Tubular  and  Cellular  Polypes.  The 
ibaerrattona  were  made  at  Brighton,  and  I  had  the  pleasure  ar  seeing  Uw 
live  zoophytes  imdei  the  fine  instrument  constructed  by  Mi.  Lialei. 
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form  and  arrangement  of  their  cells.  Some  of  the  moet 
common  Bpeciea  are  found  attached  to  marine  plants,  which 
they  enclose,  as  it  were,  in  a  living  sepulchre  {PI.  V./^, 
5) ;  others  spread  into  foliated  eipansions,  and  have  both 
sides  covered  with  cells.  The  prevailing  hue  ia  white,  or  a 
light-fawn  colour,  but  some  species  have  a  tinge  of  pink  or 


yellow.  Tfumerous  speciest  resemble  in  miniature  the  branch- 
ing tree-like  forma  of  the  Corals,  or  other  coralloid  and  spon- 
goid  shapes.  They  abound  in  every  sea,  are  not  restricted 
by  climate,  occur  in  profusion  along  the  sea-shores,  and  are 
found  attached  to  the  fuci  that  are  thrown  up  from  below 
low-water  mark.}  The  small  parasitical  species,  when  dried, 
appear  like  spota  of  a  chalky  substance  on  the  sea-weed. 

■  •  Mentbranipora,  Busk,  Polvi.  Brit.  Mub.,  p.  56,  pi.  71. 

t  Medals,  p.  268,;f?.  89. 

X  A  concise  notice  of  the  dialrlbalion  of  HoUubcous  animals  in  the 
several  "zones"  into  'which  naturalistti  have  divided  the  bed  of  the  sen. 
will  be  fonnd  in  Woodward's  -  Manual  of  the  Mollitsca,"  p.  439:  and  in 
Mr,  J.  Alder's  "  Catalogue  of  the  Zoophvles  of  North omberland  and  Duf- 
ham"  (Trans,  Tyneside  Nat.  Field  Club.  vol.  iii.  p.  98),  the  teadPt  will 
find  upwards  of  300  speeies  of  British  Anthoioa  and  Bryoioa  arranged 
according  to  their  distribution  inio  zones  ofdepth. 
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The  increase  of  the  Flustra  ia  thus  deBcribed  by  Lsmouroux. 
— When  the  animal  has  acquired  ita  full  growth,  it  flings 
from  the  opening  of  its  ceU  a  amall  globular  body,  which 
fixea  near  the  aperture,  increases  in  size,  and  soon  aasuraea 
the  form  of  a  new  cell ;  it  ia  yet  closed,  but  through  the 
transparent  membrane  that  covers  its  surface  the  motions  of 
the  polype  may  be  detected )  the  habitation  at  length  burets, 
and  the  tentacula  protrude,  eddies  are  produced  in  the  water, 
and  conduct  to  the  polype  the  atoms  necessary  for  its  sub- 


Innumerable  specimenB  of  Biyozoa  or  Mosa-corala*  are 
found  in  the  fossil  state,  in  every  geological  formation  ;  and 
Bometimos  th^  occur  in  such  abundance  as  to  form  whole 
stratified  maaaes,  as  in  the  case  of  the  Suffolk  Crag,t  and 
the  upper  part  of  the  Maeatricht  Chalk.  The  "White  Chalk 
of  the  South  of  England,  and  of  France  and  Germany,  con- 
tains a  large  proportion  of  Moas-corals,{  hut  chiefly  in  a 
fragmentary  condition. 

The  OraptoUtei,^  found  in  the  Silurian  rocks,  have  been 
referred  by  some  authors  to  the  Bryozoan  group  ;  by  others, 
however,  they  have  been  placed  with  the  Firfularia  of  the 
Alcyonariaa  order. 

13.  The  Food  or  Zoophttes. — However  improhahle  it 
may  appear  to  the  mind  unaccustomed  to  inveatigations  of 
thia  nature,  that  beings  so  minute  as  those  under  examina- 
tion should  prey  upon  living  forms  yet  more  infinitesimal, 
the  fact  is  nevertheless  unquestionable.  It  is  even  possible 
to  select  the  food  of  animalcules  much  smaller  than  the 

■  Med&ls,  p.  2C5.  From  the  imitatiTG  leaemblonce  of  inuiy  of  their 
liltls  polyp&tiea  to  those  of  the  larger  Corals,  the  Bijoioa  are  often  le- 
ferred  to  by  the  shore  name. 

t  Thi«  was  former];  termed  "  Coralline  Crag."  owing  lo  the  then  im- 
perfect state  of  (he  nomenclature  of  the  Zuophjtea.    See  toI.  i.  p.  224. 

X  See  Tol.  i.  p.  331.  Also  D'Orbipy's  "  Pal&mtoi.  PrBii<;aiBe ;  "  and 
Hagenow'a  "Die  Bryoioen  der  Maailrichter  Kretdebildmig." 

t  Medals,  p.  255. 
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polypes  of  the  Fluatra,  and  thus  exhibit  their  internal  struc- 
ture. This  eiperimeat  is  easily  shown  under  a  good  micro- 
scope, and  the  animalcules  termed  VortieeUie,  a  very  abund- 
ant  family  of  Infusoria,  are  best  adapted  for  the  purpose. 
Immediately  on  a  minute  particle  of  a  very  attenuated  solu- 
tion of  pure  carmine  or  indigo  being  applied  to  a  drop  of 
water  containing  a  group  of  the  Vortieellce,*  the  most  beau- 
tiful phenomena  are  obaerrable.  Currents  are  excited  in  the 
fluid  in  all  directions  by  the  rapid  motion  of  the  cilia,  which 
form  a  crown  round  the  anterior  pait  of  the  body  of  the 
animalcules,  and  the  particles  of  indigo  are  seen  moving  in 
different  directions,  but  generally  all  converging  towards  the 
orifice  or  mouth,  which  is  situated  not  in  the  centre  of  the 
crown  of  cilia,  but  between  the  two  rows  of  these  organs,  which 
exist  consecutive  to  one  another.  The  attention  is  no  sooner 
drawn  to  this  interesting  spectacle,  than  presently  the  bodies 
of  the  animals,  which  were  before  quite  transparent,  become 
dotted  with  distinctly  circumscribed  spots,of  adark-bluecolour, 
exactly  corresponding  to  thatofthe  moving  particles  of  indigo. 
In  some  species,  particularly  in  those  which  are  provided  with 
an  annular  contraction  or  neck,  separating  the  head  from  the 
body, the  molecules  of  indigo  can  be  traced  in  a  continuous  line 
in  their  progress  from  the  mouth  to  the  internal  cavities. 

The  animalcules  termed  Monads  may  be  considered  as  the 
lowest  term  of  animal  organization  recognisable  by  man, 
being  only  from  the  1,200th  to  the  24,000th  part  of  an  inch 
in  diameter,  and  the  powers  of  the  microscope  extend  no 
farther ;  yet  it  is  impossible  to  doubt  that  there  are  myriads 
of  living  forms  more  infinitesimal,  some  of  which  serve  as 
food  to  these  miniatures  of  life.| 

■  Tbe  Vorticelln  are  hyaline  vase'Shaped  or  bell-like  animalcnleai  at- 
tached b;  ■  Blender  peduncle  at  the  base,  and  having  towb  of  cilia  din- 
posed  in  Eonea  round  the  margin  ;  Iheac,  when  seeu  in  aome  directioni 
while  in  rapid  cnotioD,  appear  like  wheeli.  See  "  Thoughti  on  Animal- 
culea,"Pl.  111. 

t  "The  i'ae  of  tbe  ultimate  panicles  of  matler  must  be  bdibII  in  Ihe 
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14).  Natitse  of  Zoofhites. — In  the  larger  and  free 
masses  of  Flustra,  the  decomposition  of  the  animal  substance 
after  death  is  veiy  manifest.  This  ep«cimeD  of  Muttrafoli- 
acea,  which  was  dredged  up  twenty  miles  SSW,  of  Brighton, 
in  water  eighteen  fathoms  deep,  is  a  fine  example  of  this 
brittle  species ;  when  first  in  my  possession  it  was  highly 
ofiensive  from  the  emanations  evolved  during  the  deeompo- 
sition  of  the  animal  matter.  It  is  now  a  flexible  ttilcareous 
Bkeleton,  with  here  and  there  poridons  of  the  shrivelled  in- 
tegument,  but,  of  course,  without  any  traces  of  polypes  in 
the  cells. 

Let  ua  now  refer  to  our  previous  remarks,  and  inquire  if 
the  Flustra  presents  the  essential  charactera  of  animal  ex- 
istence. Its  polype  possesses  a  determinate  form,  and  has 
a  calcareous  skeleton  covered  by  a  sofl  fleshy  substance,  that 
can  for  a  certain  period  resist  chemical  and  mechanical 
agency.  It  is  furnished  with  instruments  t»pab1e  of  moving 
with  great  celerity,  is  susceptible  of  external  impressions, 
and  can  expand  and  contract  at  will.  Here,  then,  is  evi- 
dence of  sensation  and  of  voluntary  motion;  and  although, 
from  the  extreme  minuteness  of  the  stmcture,  nerves  can- 
not be  det«cted,  yet  there  can  be  little  doubt  that  it  pos- 
sesses a  nervous  and  also  a  circulatory  system  for  efiecting 
nutrition  and  reparation.  We  find,  also,  that,  when  remov- 
ed Irom  the  element  in  which  it  lived,  the  creature  dies,  and 
its  soft  substance,  like  the  fl^b  of  the  larger  animals,  under- 
goes putrefaction ;  it  has  lost  the  vital  principle  by  which  it 
previously  resisted  chemical  agency,  and  now  submits  to  the 
eflects  of  those  laws  which  act  upon  inorganic  matter ;  the 

eitreme.  Organized  beings,  pouesung  life  and  all  its  functiona,  have 
been  discoTered  so  small  that  s  million  of  them  would  occupy  less  space 
Ihftn  a  grain  of  aand.  The  malleabilitf  of  gold,  the  perfume  of  mnsk, 
the  odoni  of  flowera,  nnd  mnny  olhec  ioslances  might  be  gixen  of  the  ex- 
cessive miSuteness  of  the  atomR  of  matter  :  yet,  from  a  vaiiety  of  circuiD- 
staaces,  it  may  be  inferred  tbnt  matter  ia  not  infinitely  di'iaible." — Jtfri. 
fiomsTBilU,  p.  125. 
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calcareoui  and  homy  materinlB  that  composed  ita  skeleton, 
and  which,  like  the  booes  of  mammiferouB  animals,  were 
secreted  by  the  soft  parts,  alone  remain. 

I  would  here  particularly  remark,  that  the  stony  support 
of  all  Zoophytes  is  formed  by  a  similar  process ;  the  hard 
eabatance  called  coral  being  secreted  by  the  integuments  or 
membranes  with  which  it  was  permeat«d  and  inTeeted,  in 
like  manner  as  the  bones  and  luils  in  man  are  secreted  by 
the  tissues  designed  for  that  purpose,  and  acting  without  his 
knowledge  orcontrol.  Nothing  can  be  more  erroneous  than 
the  popular  notion  that  the  cells  of  corals  are  built  up  by 
the  polypes  found  in  them  in  the  same  manner  as  are  the 
cells  of  wax  by  the  Bee. 

From  what  has  been  advuiced,  it  is  evident  that  the 
!FluBtra  u  an  aggr^ation  of  an  immenae  number  of  indi- 
Tidual  polypes  attached  to  a  calcareous  or  homy  skeleton, 
and  each  of  whicli  is  doubtlessly  susceptible  of  pain  and 
pleasure  independently  of  the  whole ;  for  we  have  a  living 
proof  ID  the  Siamese  twins,*  that  even  in  our  own  species 
there  may  be  a  united  organization  with  separate  nervous 
systems,  and  individual  sensations ;  and,  as  it  is  certain  that 
each  polype  enjoys  distinct  volition,  it  is  most  probable  that 
the  sensatioas  of  each  individual  are  independent  of  the 
general  mass.  There  is,  however,  a  common  bensibility  per- 
vading the  structure  that  binds  together  the  community  of 
zoophytes,  and  by  which  certain  actions  arc  performed  irre- 
spectively of  the  individual  polypes.  Thus  the  compound 
zoophytes  termed  Pennatula,  or  Sea-pen8,t  upon  the  slight- 
est touc  withdraw  themselves  into  the  wet  aand,  and  dis- 
appear: and  the  arboreecent  Vortieell<e,\  upon  the  micro- 
scope being  agitated,  instantly  shrink  down  into  a  globular 
mass,  and  all  appearance  of  the  elegant  animalcules,  a  mo- 

■  See  the  Philowphicsl  Transaclioiu  for  1830,  p.  177. 

t  Belonging  to  the  Alcymaria. 

%  See  "ThoDghU  on  Animalcules,"  p.  49. 
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ment  before  bo  active,  vaniBheB.  In  certain  Bpecies  of  Bry- 
OEoa  {Su0ula  fiahellaia,*  for  example),  each  cell  is  accom- 
panied by  a  bivalved  appendage,  much  resembling  in  fona 
tbe  beaks  and  head  of  a  vulture,  and  termed  the  "  ariculft- 
rium ;"  and  these  appendages  open  and  shut  apparently  with- 
out tbe  control  of  the  polype  that  occupies  tbe  cell ;  their 
functiouB  seem  to  be  related  to  the  horny  axis  that  connects 
the  group  of  independent  living  animalcules  of  which  the 
entire  compound  zoophyte  is  composed,  and  not  to  the  poly- 
pes themBelres.f 

15.  The  Coba.L8,  ok  Polypifeba.. — Tbe  Corals,  or  Poly- 
pifera  (Zoophytes  proper),  present  an  extensive  sericB  of 
varied  and  eitraordinary  forms  of  zoophytal  organization. 
In  Home,  the  skeleton^  or  support  consists  of  various  com- 
binatjons  of  earthy  and  animal  matter,  as  it  is  in  the  Flustra, 
but  solid  and  hard  as  stone ;  in  many  examples  it  branches 
out  like  a  tree  (^Lign.  143,  p.  624)  ;  in  others,  it  constitutes 
hemispherical  masfles,  haTing  numerous  convolutions  on  tbe 
Bur&ce,  somewhat  resembling  in  appearance  the  brains  of 
quadrupeds  i^Lign.  144)  ;  aind  in  many  it  forms  an  aggrega- 
tion  of  tubes,  terminating  in  star-like  openings  (PL  Vl.^y. 

*  Former] J  known  aa  Fluttra  aviciJarit.  See  Busk,  op.  eil.  p.  44,  pi. 
51,  52. 

f  The  readei  will  Gad  iome  highly  inCeresUng  obserratioos  on  tbii 
phenomenon  in  Mi.  Darwin's  "  Joumal  of  a.  Voy Hge  loond  the  World," 
cbsp.  ii.  p.  200.  Hr.  Gosse  hu  suggested  that  possibly  the  nse  of  the 
ttvieuiaria  may  be  to  faruiitonsl;  c&lch  and  lo  hold  minnle  animaLi  notU, 
Bltracled  by  their  decomposition,  hosts  of  other  animalcules  swaim  in  the 
neighbourhood  and  come  within  the  currenlj  produced  hy  the  ciliated 
tentacles  of  the  zoophytes  tliemselves. 

t  The  aiis,  framework,  or  skeleton  of  these  groups  of  polypes  is  term- 
ed polypary,  or  polypidon  (polype-habitatioa) ;  and  those  of  ■  atony 
hardnen  are  bmiliarty  known  aa  "  Coral : "  these  names  therefore  refer 
to  the  durable  skeleton  of  the  zoophytes,  and  not  to  the  polypes  them- 
selves ;  hut  in  familiar  writing  the  term  Coral  is  often  used  to  deai^ale 
the  entire  living  mass.  In  a  fossil  state  the  polgpaTium  alone  remaiim, 
except  in  a  few  instances.     See  "  Medals  of  Creation,"  chap.  tii. 
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9).  Among  the  branched  varieties,  eotne  are  covered  by 
pores  so  numerous  as  to  be  called  Millepora :  in  many,  the 
opeumgs  are  distant :  some  hare  stAT-Uke  markings  here  and 
there ;  while  in  others,  the  whole  surface  presents  a  stellated 
structure.  In  many  species  the  fleshy  animal  matter  en- 
tirely  covers  and  conceals  the  stony  skeleton  during  hfe  ;  in 
others,  the  latter  becomes  exposed,  and  forms  a  trunk,  having 
branches  covered  by  living  polypes ;  while  in  another  and 
numerous  division  (of  which  the  common  Sertularia  is  an 
eiample),  the  skeleton  ia  flexible,  and  is  secreted  by  the 
outer  surface  of  the  soft  parts,  and  constitutes  an  external 
protection  to  the  polypes  {_Fl.  Y.Jiff.  1).  In  another  family, 
the  OorgonidiB  (Lign.  145),  the  ^eleton  is  of  a  homy  or 
ligneous  texture,  and  flexible,  bending  to  the  motions  of  the 
waves ;  while  in  some  it  is  jointed  or  articulated,  as  in  the 
I»U  (Lign.  143, ^y.  3) .  Sometimes  the  skeleton  ia  impress- 
ed with  the  cells,  as  in  the  Madrepores  {Lign.  \iZ,Jig.  2) ; 
while  in  other  species,  as  the  Bed  Coral,  the  stem  ia  smooth, 
and  exhibits  no  traces  of  the  peculiar  structure  of  the 
animal,  the  polype-cells  being  formed  of  the  investing  soft 
substance  (PI.  Y.Jig.  9).  Yet  amidst  all  these  varieties  of 
form,  the  same  essential  characters  are  maintained ;  in  all 
there  is  a  skeleton  or  solid  support,  and  a  fleshy  or  gela- 
tinous substance,  either  investing  the  polypidom  and  studded 
with  polypes  baring  more  or  less  simple  stomachal  cavities; 
or  constituting  separate  polypes,  but  more  or  less  intimately 
connected  by  imtermediate  animal  and  calcareous  matter. 

16,  The  SESTnLAKiAw  Zoophytes.*  —  Tbe  Mydra,  as 
above  mentioned,  p.  606,  is  regarded  as  the  type  of  the  8ertu- 
larian  Zoophytes  ;t  and,  supposing  it  to  be  invested  with  a 

■  Fat  the  ctuaificfttion  and  deuriplion  of  Ihe  nieinbera  of  this  group, 
the  reader  is  reCened  lo  Johnston's  "  British  Zoophjles,"  2nd  Edit. 

t  There  have  been  of  late  years  discovered  some  leioarkable  points  of 
alliance  between  these  [I;dioid  zoophytes  and  (he  Acalephs  (Mtdasa, 
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homy  coat,  to  be  elongated  by  growth,  and  to  retain  all  the 
buds,  or  young  Hydne,  which  are  formed  on  ita  aiia  or  stem 
throughout  life,  we  might  regard  it  aa  truly  analogous  to  a 
Sertularia.  The  elegant  arborescent  Sertularue  must  be 
familiar  to  every  one  who  has  rambled  by  the  aea-side.  This 
branch  of  the  Sea-pine  (Z^n.  141),  part  of  which  is  shown 
magnified  in  ^.  2,  eihibite  the  usual  appearance  of  these 
zoophytes.  The  Sertularia  consists  of  tubes  united  together, 
ftnd  having  lateral  apertures  for  the  protrusion  of  each 
polype ;  one  elegant  species,  the  Sertularia  »etacea,  is  very 


abundant  on  the  shores  at  Brighton  after  atorms,  being  at- 
tached to  fuci  and  other  sea-weeds.  The  representation  of 
a  branch,  magnified  siity  times,  in  Plate  Y.Jiff.  1,  shows  tbe 
form  of  the  polypes,  which,  when  fully  expanded,  are  of  great 
beauty.  On  one  occasion,  when  I  was  present,  Mr.  Lister 
was  observing  a  living  specimen,  when  a  little  globular 
animalcule  swam  rapidly  by  one  of  the  expanded  polypes ; 
the  latter  immediately  contracted,  seized  the  globule,  and 
brought  it  to  the  mouth  or  central  opening  by  its  tentacula ; 
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these  gradually  opened  again,  with  the  exception  of  one 
which  remained  folded,  with  itB  extremity  on  the  animalcule. 
The  mouth  indistinctly  seemed  filled  with  hairs  or  tentacles, 
that  cloaed  over  the  prey,  which,  after  a  few  seconds,  was 
carried  slowly  down  into  the  stomach ;  here  it  was  imper- 
fectly seen,  and  soon  disappeared.* 

The  Camparmlari^,  so  named  from  their  helUthaped  cells 
placed  on  foot-stalks,  also  belong  to  the  Hydroid  polypes, 
and  are  ahuudant  on  our  shores.  PI.  ^ .fig.  2,  is  a  magni* 
fied  view  of  a  branch  of  Campanularia  gelatxnota,  with  severd 
cells  ;  in  some  the  polypes  are  expanded,  in  others  contract- 
ed. Examined  alive  under  the  microscope,  currents  of  mi- 
nute globules  are  seen  constantly  running  along  the  tubes, 
induced  by  the  action  of  the  invisible  cilia. 

17.  The  Actinoidka,  oa  CoEALLAKiA.t — Having  de- 
scribed some  of  the  principal  characters  of  the  Hydroid  or 
Hydrarian  Polypifers,  the  lower  group,  in  which  digestion 
is  performed  by  a  simple  sac  or  pouch,  as  iu  the  common 
Jffyifra,}  we  proceed  to  indicate  the  leading  forms  of  the 
two  other  great  groups  §  (the  Helianthoid  or  Zoantharian 
Corals,  and  the  Alcyonarian  group),  with  some  remarks  on 
their  nature  and  habits.  In  the  Corals  proper,  the  frame- 
work or  polypary  is  generally  calcareous ;  the  species  of  the 
soft-bodied  Zoantbaria  (or  Actinids)  being  of  a  limited 
number;  whilst  the  stony  or  " coralligenous "  Zoantharia 
have  very  numerous  species,  both  in  the  fossil  and  the  re- 


■  Philos.  Trans.  1834,  p.  372. 

\  Milne  Edwarda  uid  Uaime,  Monog.  Brit.  Fosa.  Corals  (Palseonl. 
Soc.),  1850,  p.  ii. 

{  See  Owen's  Lectures  on  Uie  Invertebrata.  Of  the  many  nolicei 
and  monographs  of  Ihe  Hydra,  Corda's  memoir  in  the  Nova  Atta  Acad. 
yat.  Cur.  lo!.  xtiii.,  may  be  lefeired  to  as  one  of  the  amplest  and  most 
fiilly  illustrated. 

}  There  is  a  third  group  or  order,  the  PodactinaTia  (Edwards  and 
Haime],  lepteaented  b;  one  genui  only,  llie  L 
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cent  it»te."  The  Actinoidea  vary  conriderably  in  relative 
aize,  and  present  CTWy  state  of  combination,  up  to  the 
enonnoua  ag^gationa  of  indiTidualB  existing  in  the  reef- 
forming  species.  The  polypes,  too,  vary  greatly  in  size, 
from  being  microscopic  to  having  a  diameter  of  eighteen 
inches. 

The  stony  Corals  present  polypes  which  are  readily 
found,  on  examination,  to  present  a  close  analogy  to  the 
Actinia,  or  Sea-anemones,  which  are  so  common  on  the 
rocks  and  in  the  shallows  of  our  sea-shores;  a  few  obserra- 
tions  on  these  latter  animals  will  therefore  enable  us  to 
comprehend  the  nature  of  this  group  of  polypifera.  The 
Actinia,  or  Sea-anemone,  appears,  when  quiescent,  like  a 
subglohular  mass  of  tough  jelly,  of  various  tinte  of  crimson, 
green,  blue,  or  brown  (tee  PI.  YJ.Jig.  11)  ;  when  expanded, 
it  presents  a  broad  disk,  surrounded  by  tentacula,  and  having 
in  the  centre  a  corrugated  surface,  which  is  contracted  into 
a  pur ae- like  form. 

Tbe  Actinife  are  affixed  to  the  rocks  by  a  broad  base,  but 
they  can  detach  themselves,  and  change  their  position ;  on 
many  parte  of  the  coast  hundreda  may  be  seen,  at  low  water, 
on  the  rocks  which  are  left  bare  by  the  reflux  of  the  tide. 
They  are  carnivorous  aud  very  voracious,  feeding  on  the 
am^  fish,  Crustacea,  and  mollusca  that  come  wiUiin  their 
reach.  They  may  be  kept  for  montha  in  aea-water,  if  sup- 
plied daily  with  meat,  which  they  greedily  seize,  draw  into 
the  aac  or  stomach,  and  afterwards  eject  perfectly  colourless, 
having  absorbed  the  juices  and  left  the  tough  muscular 
fibre.  The  body  of  the  Actinia  is  highly  contractile  and 
full  of  chambers  L  the  tentaeula  are  hollow  tubes,  which 
the  animal  has  the  power  of  filling  with  sea>water    and 

3  Corala,  see  Dana's  Zoophytes,  p.  112  ; 
.    Numerous  fossl^  apeclea  are  figured 
and  described  by  Michelin,  Iconog,  Zoopliyi.  4lo,  18^". 
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thus  causing  them  to  protrude. 
The  chambers  also  coatain 
water,  with  which  the  whole 
or  any  part  of  the  body  can 
be  filled ;  an  important  agen- 
cy in  enabling  the  animal  to 
shift  its  gituatioa  from  place 
to  place.  The  accompanying 
plan  of  the  internal  Htrueture 
of  the  Actinia  (X^n.  142) 
will  Berre  to  illustrate  these 

remarliB.  The  surface  of  the  uob. mj.— itttwiuTioB  or  nntm™. 
stomach,  and  even  the  internal 

lining  of  the  t«ntacula,  are  'tiitm  <u>ir.  t,  t.  oiniivi  nt  cikidhii 
abundantly  furnished  with  ^Xtb^^lIlS^  VX"Z  ZTJH^ 
eilia.  These  zoophytes  have  """  ••">"'  •«  it"  '<.<,a^\<.  i>  ■»!  in  iik 
no  durable  skeletons. 

18,  Caetophtllia  and  Titbbtnolia. — In  the  small  re- 
cent coral,  Turbinolia  rubra,  we  have  an  example  of  a  single 
calcareous  cup  or  "  calyi,"  divided  by  vertical  lamelbe  or 
partitions,  arranged  in  a  radiated  manner.  This  is  the 
itkeleton  or  stony  support  of  a  single  polype,  which  has  a 
double  row  of  tubular  tentacula,  and  bears  a  great  analogy 
to  the  Actinia ;  indeed,  the  recent  animal  may  be  described 
as  an  Actinia  with  a  calcareous  skeleton,  fixed  by  its  base.f 

'  C^clopecdia  of  Ana(am7  and  Physialr^,  p.  614 ;  Bee  alsn  the  elnbor- 
ale  and  well-ill ualraled  ArtUle  on  Polypi/era,  by  Prof.  Rymer  Jones,  in 
the  same  work. 

t  The  beautitully  illu9(rated  and  cleverly  wrillen  works  nf  Mr.  Gos«e, 
on  the  Acliniffi  and  other  marine  animals  found  on  the  Dorset,  Deron, 
and  Tenby  coasts,  are  so  well  known,  that  we  need  only  to  allude  to  them 
as  being  highly  important  to  the  lover  of  natural  history  who  wishes  to 
Study  these  animals.  The  pUlosophical  rompBiiaon  of  Cgathina  SmilAU 
(a  litlle  coral  found  on  one  ahores,  and  the  only  one)  with  Actinia,  in 
Goase's  "  Life,"  &c.,  ia  particularly  recommended  for  study.  See  also 
"Sen-aide  Studies,"  in  Blackwood's  Mncazine,  for  1856-7. 
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The  foHBil  corals  (p.  330,  j^«.  1,  2,  3)  poaseM  &  similar  struc- 
ture. A  beautiful  living  Turbinolio,  which  is  marked  with 
red  itnd  white  bands,  is  shown  in  PI.  VI.  ^y.  8 :  and  a 
similar  Coral  with  its  tentacula  expanded,*  mjiff.  14. 

In  the  Caryophyllia  poasesaing  more  than  one  calyr,  eacb 
calyx  contains  an  a«tiniform  polype  ;  one  of  those  of  C.fatei- 
culata,  which  ia  of  a  bright  green  colour,  ia  represented  PI. 
V.  Jig-  4.  In  another  genua,  Poeillopora,  the  investing 
fleshy  integument  ia  beautifully  mottled,  and  the  polypes, 
which  are  of  a  blue  colour,  are  terminal,  as  in  the  Caryo- 
phyllia.  A  branch,  as  seen  alive  in  the  water,  ia  figured  in 
PI.  Y.Jtg.  11. 

19.  MA.nKEFOBA. — In  the  Caryophyllacea,  just  noticed, 
the  polypes  and  their  containing  calyces  are  of  relatively 
lat-ge  size ;  but  in  the  family  of  branched  or  arborescent  cal- 
careous polypifera  called  Madreporei,the  little  cups  or  cells. 


with  radiating  lamellffi,  in  which  the  polypes  are  situated, 
are  of  smaU  size.     When  the  animals  die,  and  the  outer 

•  See  eapeciiJly  Quoy  and  Gaimaid's  Voyage  de  I'ABtrolabe  (Atlas), 
and  Dana's  Zoophytes  (AtUa),  for  figures  of  corals  drawn  Iron,  nature. 


fleshy  or  gelatinous  iayestment  perishes,  the  coral  is  found 
to  be  studded  over  with  elegant,  lunellated,  ateUulaf  cells, 
variously  formed  and  arranged  in  the  different  genera  and 
epeciea.  In  some  the  cells  are  very  distinct ;  as  in  a  Medi- 
terranean Bpeciea,  the  May-blostom  Coral  (^Oculina  ramea, 
lAgn.  143,  fig.  1) ;  in  others  they  are  exceedingly  minute, 
as  in  the  common  Madrepore  [M.  eturieata,  Lign.  143,  j^.  2), 
from  the  West  Indies :  the  white-branched  corals,  so  numer- 
ous in  collections,  belong  for  the  most  part  to  this  group. 

When  alive  in  the  vater,  the  Madrepores  are  invested 
with  a  fleshy  integument  of  various  colours  ;  and  each  cell 
ia  occupied  by  a  polype,  as  in  the  zoophytea  previously  de- 
scribed. The  appearance  of  a  living  Madrepore  (Madrepora 
/j^n(flyi«co),with  thepolypea  protruded,  is  shown  in  Pi.  VI. 
fiff.  5,  uid  will  serve  to  convey  a  faint  idea  of  the  beautiful 
appearance  of  the  live  corals  in  their  native  element. 

20.  FuNOii.  —  The  white,  disciform,  lamellated  corala, 
called  Sea-muahrooms,  or  ffungite,  from  their  fancied  resem- 
blance to  fungi,  are  among  the  most  elegant  and  abundant 
forma  of  corallaria  in  the  cabinets  of  collectors.  These,  in  a 
living  state,  are  covered  with  a  thick,  transparent,  jelly-like 
subatance,  vrhich  fills  up  all  the  numerous  radiating  inter- 
stices of  the  calcareous  laminte ;  in  the  central  depression  of 
the  fieahy  mass  is  situated  a  large  polype  with  tentacula ;  in 
the  Fungia,  there  ia  but  one  polype — but  one  focus  of  vital- 
ity. In  the  Fungia  ttctimformu  (Pi.  "VLJig.  15),  the  polype 
strikingly  resembles  the  Actinia  ;  the  whole  surface  of  the 
disk  is  covered  with  long,  tubular,  conical,  prehensile  tenta- 
cula,  with  minute  terminal  apertures,  and  striated,  trans- 
verse, muscular  bands  ;  theae  tentacula  are  protruded  by  the 
injection  of  water  from  below,  aa  in  the  Actinia.  In  the 
Fungia  the  stony  base  is  secreted  from  the  inferior  surface 
of  the  soft  Bubstance,  and  is  either  attached  or  cemented,  as 
it  were,  to  the  rock,  or  lies  free  on  the  sea-bed. 

21.  AsiK^A.,  PiTosii,  &c. — In  some  of  the  Urge  atony 
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corals,  the  cells  of  the  polypes  are  Tery  nnmeroua,  and  the 
coratline  mass  presents  a  surface  beautifully  marked  with 
stellular  impressions.  The  Jittrwa  viridit  is  here  repre- 
sented asseen  alive  in  the  sea  {PI.  Yl.Jiff.  13).  The  polypes 
in  this  coral  are  of  a  dark-green  colour,  six  lines  in  length, 
and  are  protected  by  deep,  laminated,  polygonal  cells,  two 
lines  in  diameter.  They  are  striated  with  longitudinal  and 
transverse  bands,  and  connected  by  a  fleshy  layer  which 
covers  the  dark-brown  coral ;  some  of  the  polypes  are  here 
shown  expanded,  and  others  contracted.  In  this  magnified 
view  {PI.  VI.  ^.  10)  of  a  single  polype,  the  tentacula  are 
seen  expanded,  or  disposed  around  the  prominent  mouth. 
The  appearance  of  groups  of  Astrsra,  and  other  corals,  when 
viewed  while  the  animals  are  alive  and  in  activity,  is  most 
beautiful ;  looking  down  through  the  clear  aea-water,  the 
surface  of  the  rock  appears  one  hving  mass,  and  the  congre- 
gated polypes  present  the  most  diversified  and  virid  hues.* 

The  Pavonia  are  those  corals  which  have  deep  and  isolated 
cells,  each  containing  a  large  depressed  polype,  very  similar 
in  its  appearance  and  structure  to  the  Actinia,  PI.  VI,  ^. 
11,  represents  a  group  of  cells  containing  polypes  of  the  P. 
lactuea,  from  the  shores  of  the  South  Sea  islands.  The 
polypes  are  of  a  green  colour,  and  there  is  a  connecting, 
transparent,  fleshy  substance,  which  extends  over  the  ex- 
treme edges  of  the  foliated  expansion  of  this  elegant  zoo- 
phyte. 

22.  M^&xnBiirA  cebebrifokmis  ;  or  Sram-coral.—^The 
large  hemispherical  corals,  baring  the  sur&ce  covered  with 
meandering  ridges  and  depressions,  disposed  in  a  manner 
somewhat  resembling  the  convolutions  of  the  brain,  are  well 
knownby  thenameof  the.Srotn-«fi>n«Cbral(Lt^n.  144).  In 
a  liring  state  the  mass  ia  iaTested  with  a  fleshy  substance, 
variously  coloured,  and  having  numerous,  short,  conical, 
polypiform,  confluent  cells,  arr<uiged  in  rows  between  the 
*  Dana's  Zoophytes,  p.  *29. 
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ridges.  Thia  zoophyte  sometimes  attains  considerable  mag- 
nitude ;  a  very  beautiful  specimen  in  the  British  Bluseum  is 
four  feet  in  circumference.  The  base  of  the  M»andrina, 
like  that  of  other  corals,  is  adherent  to  the  rock.     As  one 


fleshy  mass  expires,  another  appears,  and  gradually  eipands, 
pouring  out  its  calcareous  secretion  on  the  parent  mass  of 
coral ;  thus  successive  generations  go  on  accumulating  vast 
beds  of  Btony  matter,  and  laying  the  foundatiocB  of  coral- 
reefs  and  islands.  We  may  compare,  observes  Sir  C.  Lyell,* 
the  operation  of  the  zoophytes  in  the  ocean  to  the  effects 
produced  on  a  smaller  scale  on  land  by  the  plants  which 
generate  peat,  where  the  upper  part  of  the  Sphagnum,  or 
peat-moss,  vegetates  while  the  lower  is  eiiterin!;  into  a  mi- 
neral mass,  in  wliich  the  traces  of  organization  remain  when 
life  has  entirely  ceased.  In  these  Corals,  in  like  i 
"  Ptinciplea  of  000108)". 
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tbe  more  durable  materiak  of  the  generatdon  that  has  passed 
away  serve  aa  the  foundation  over  which  their  progeny 
spreads  successive  accumulatioDS  of  calcareous  matter. 

23.  ALcroniBiAM  Zoophytes  :  GoaaosiAjOB  Ska-fab, — 
The  GorffoniaJiabellum,OT  Venus's  fan  {Lign.  145),ia  a  flexible 
zoophyte  inhabiting  almost  every  sea,  and  frequently  attaining 
a  height  of  four  or  five  feet.  When  fresh  Irom  the  water  it 
is  of  a  bright  yellow  colour.  This  species  eihibita  the  usual 
etrueture  of  the  corticiferous  polypifera,  or  zoophytes  having 
an  internal  asis  or  skeleton  of  a  tough  horny  consistence, 
with  an  external  envelope  or  rind  entirely  investing  the 
former.  The  Glorgouiie  present  great  diversity  of  form  and 
appearance.  This  specimen  from  the  West  Indies  (PL 
YI.  _fiff.  2)  is  remarkable  for  its  richness  of  colour,  being 
a  bright  yellow,  spotted  with  red ;  this  species  (PI.  YI. 
fij-  3),  from  tbe  Mediterranean,  has  its  pendant  branches 
very  elegantly  disposed,  and  is  of  a  purplish-lake  colour ; 
in  both  these  examples  the  axis  is  black,  and  of  the  con- 
sistence of  tough  born.  Another  beautiful  species  &oin 
tbe  Mediterranean  (the  Qorgonia  palula  of  Ellis)  is  of  a 
bright  red,  and  has  the  openings  for  the  polypes  disposed 
in  two  rows ;  a  portion,  highly  magnified,  is  here  represent- 
ed (PI.  Y.Jlff.  3),  and  exhibits  several  polypes  in  different 
states  of  protrusion. 

These  flexible  Alyconaria  are  mostly  attached  to  the  rocks 
by  an  extended  base,  the  surface  of  which  is  usually  deprived 
of  the  fleshy  substance  that  invests  the  other  parts.  The 
stem  which  springs  from  the  base,  although  in  a  few  species 
simple,  generally  divides  into  branches,  which  are  exceed- 
ingly  various  in  their  size  and  distributions : — double,  single, 
anastomosed,  pinnated,  straight,  and  pensile ;  and  the  stems 
are  either  compressed,  flat,  angular,  or  cylindrical ;  but  in 
all  these  modiUcations  the  same  structure  prevails— an  axis 
and  an  external  crust  or  rind.  The  former  is  either  homy, 
elastic,  flexible,  brittle,  or  pithy,  seldom  stony,  and  of  a  dark 
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colour  i  the  latter  a  soft  or  tough  fleshy  substimce,  studded 
with  pores,  from  which  the  polypes  issue ;  this  riud  becomes 


earthy  and  friable  when  dried.  In  the  Itit,  which  may  be 
described  aa  a  Gorgonia  with  a  jointed  stem,  this  Btnicture 
ia  well  displayed,  as  in  this  branch  of  ItU  hipparit  {Lign.fig. 
8,  p.  62-1),  in  which  a  portion  of  the  cortical  part  is  removed, 
and  the  aiia  exposed.  In  the  water  the  various  species 
present  the  moat  rivid  hues  of  red,  green,  riolet,  nod 
yellow.  The  Glorgoniffi  inhabit  deep  water,  and  are  found 
in  every  sea ;  but  certain  speciea  appear  to  be  restricted  to 
tropical  climates.  The  Sea-pens  {PennalultF)  have  a  fleshy 
feather-like  polypary,  with  a  bony  axis,  and  live  unattach- 
ed, floating  free  in  the  water,  or  lying  on  the  aea-bottom, 
more  or  less  imbedded  in  Band ,'  mud. 
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NumerouH  species  of  the  Asteroid  Polypes,  especially 
AlcyoQium,  Gorgonia,  Penoatula,  and  their  congeners,  have 
calcareous  spicules  •  imbedded  in  their  leathery  or  fleshy  in- 
tegument,  as  in  the  Sponges.  Homy  spicules  have  been  dis- 
covered in  some  Actinis.f 

24.  The  Eed  Cobal;  Coralhum  rubrvm. — ^Amoug  the 
Alcyonarian  or  Asteroid  Zoophytes  are  a  few  genera  having 
an  axis  composed  of  a  calcareous  stony  substance ;  and  one 
genus  possesses  a  skeleton  of  so  beautiful  a  colour,  and  sus- 
ceptible of  80  fine  a  polish,  as  to  be  largely  employed  for 
ornamental  purposes.  The  lied  Coral  is  a  branched  zoo- 
phyte, somewhat  resembling  in  miniature  a  tree  deprived  of 
its  leaves  and  twigs.  It  seldom  exceeds  one  foot  in  height, 
and  is  attached  to  the  rocks  by  a  broad  expansion  or  base. 
It  consists  of  a  brilliant  red  stony  axis,  invested  with 
a  fleshy  or  gelatinous  substance  of  a  pale  blue  colour,  stud- 
ded over  with  stellular  polypes.  This  figure  {Fl.  "V.Jig. 
9)  represents  a  branch  of  "  Coral "  with  several  polypesi 
highly  magnified,  as  seen  alive  in  the  water.  The  cortical 
or  fleshy  substance  is  removed  at  the  extremities  of  the 
branch,  and  the  red  stony  axis  exposed.  As  the  cells  of 
the  polypes  are  only  composed  of  the  soft  animal  matter 
which  rapidly  undergoes  decomposition  after  death,  no 
traces  of  their  structure  remain  on  the  durable  skeleton. 

The  Eed  Coral,  as  is  well  known,  is  of  a  very  hard  and 
durable  texture  ;  it  is  obtained  by  dredging  in  diff'erent  parts 
of  the  Mediterranean  and  Eastern  seas,  and  forms  au  im- 
portant article  of  commerce.  It  varies  much  in  hue,  accord- 
ing to  its  situation  in  the  sea:  in  shallow  water  it  is  of  the 
most  beautiful  colour,  a  free  admission  of  light  appearing 
necessary  for  its  full  development.  It  is  of  slow  growth ; 
eight  or  ten  years,  in  a  moderate  depth  of  water,  being 
necessary  for  it  to  reach  maturity.     Arrived  at  tins  period, 

•  See  Hialolopoal  Catalogue,  Boy.  Coll.  Surp.  toI.  L  p.  222,  pi,  13  ; 
and  Dana's  Zoophyto.  p.  93.  t  Histol.  Catal.  p.  226. 
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it  extends  but  verj  elowly,  and  is  eoon  pierced  on  all  Bidea 
by  those  destractlTe  animals  which  attack  even  the  hardest 
rocka :  it  loses  its  solidity,  and  a  slight  shock  detaches  it 
from  its  base.  Becoming  the  sport  of  the  waves,  the  polypes 
perish,  their  brilliant  skeleton  is  exposed,  aad  cast  upon  the 
ehore  ;  the  bright  colour  soon  disappears,  and  the  coral,  re- 
duced to  fragments  by  the  attrition  of  the  waves,  becomes 
mixed  with  the  ivmains  of  shells  and  other  marine  exuvite : 
in  this  state  it  is  drifted  inland  by  the  winds,*  and  assists  in 
forming  those  accumuhktioDs  of  the  spoils  of  the  sea,  which 
constitute  many  of  the  modem  conglomerates  described  in 
a  previous  lecture  (pp.  83  and  90). 

25.  TuBipoBA. — This  group  of  the  Alcyonarian  corals  is 
well  known  from  the  elegance  and  beauty  of  one  species 
(Sarcintila  mwticalu,  or  Organ-pip«  coral),  which  is  common 
in  most  collections.  This  soophyte  is  composed  of  parallel 
tubes,  united  by  Uteral  plates,  of  transverse  partitions, 
placed  at  regular  distances  (P/.  VI.  ^y«.  7,  9)  ;  in  this  man- 
ner large  ma^iies,  consisting  of  a  congeries  of  pipes  or  tubes, 
are  formed.  When  the  animalcules  are  ohve,  each  tube  con- 
tains a  polype  of  a  beautiful  bright  green  colour,  and  the 
upper  part  of  the  surface  is  covered  with  a  gelatinous  mass 
formed  by  the  confiuence  of  the  polypes  ;  a  mt^uified  view 
of  a  polype  and  of  sections  of  two  tubes  is  here  represented 
(^Pl.  W.fg.  7).  This  species  occurs  in  great  abundance  on 
the  coast  of  New  South  Wales,  of  the  Sed  Sea,  and  of  the 
Molucca  islands,  varying  in  colour  from  a  bright  red  to  a 
deep  orange.  It  grows  in  the  shape  of  large  hemisphencal 
masses,  from  one  to  two  feet  in  circumference ;  these  first 
appear  as  small  qtecks  adhering  to  a  shell  or  rock ;  as  they 
increaae,  the  tubes  resemble  a  group  of  divei^g  rays,  and 

•  The  term  "  aolian  "  Iiai  been  Bptlj  Spplied  by  Col.  Nelson  lo  the 
ten«itrial  roimations  restilting  from  Ih.'  drifting  action  of  th«  windj. 
Sea  QiMrt  Jonra.  Qeol.  Sor.  vol.  ii.  p.  206. 
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ftt  length  other  tubes  are  produced  on  the  transverse  plates, 
thus  filling  up  the  intervale,  and  constituting  a  uniform 
tubular  mass ;  the  eurtace  being  corered  with  a  green  fleshy 
substance,  beset  with  steUular  animalcules.  The  protruded 
polype  of  another  beautiful  species  of  Xubipore  {Tubipora 
rvbeola)  is  represented  magnified,  Fl.  Q,Jig.  4i ;  and  a  view  of 
an  expanded  polype  of  the  same  seen  from  above,  in  Jig.  6  j 
the  polype  of  another  speciee  of  Tubipore  ia  r^resented  in 
A- 12. 

26,    G-BOGEAPHICAX  DISTBIBOTIOIT  OF  COBAXS.— Having 

described  a  few  of  the  principal  varieties  of  the  Folypifera, 
I  will  next  consider  the  geographical  distribution  of  these 
zoophytes  ;  and  subsequently  review  the  important  physical 
changes  effected  by  creatures  so  minute,  and  apparently  so 
incompetent  to  produce  any  material  alteration  in  the  earth's 
surface. 

The  Corals  are  inhabitants  of  the  ocean ;  many  species 
prefer  the  immediate  influence  of  atmospheric  changes,  and 
are  seen  on  the  rocks  and  plants  left  bare  by  the  reflux  of 
the  tide,  sometimes  in  such  profusion  that  the  whole  surface 
appears  one  animated  mass.  At  the  period  of  the  great 
equinoctial  tides,  when  the  sea  retires  from  the  rocks  which 
it  has  overflowed  for  many  preceding  months,  the  Folypifera, 
when  the  waters  first  recede,  are  full  of  vigour,  but  languish 
'  as  they  lose  Iheir  moisture,  and  perish  if  they  remain  long 
uncovered  by  the  sea. 

Some  kinds  are  situated  on  the  southern  slope  of  the 
rocks ;  others,  on  the  contrary,  are  attached  to  the  opp<ffiite  . 
aspect,  and  never  to  the  former.  The  lai^r  forms  are  rarely 
found  in  places  exposed  to  violent  currents ;  it  is  in  the  hoi- 
loivs  of  the  rocks,  in  submarine  grottos,  in  the  shelter  of 
large  and  solid  maesea,  that  these  species  attach  themselves. 
Many  appear  fitted  to  enjoy  the  powerful  action  of  the 
surges,  their  pliant  branches  bending  to  the  movements  of 
the  waves,  and  fioating  in  the  agitated  water ;   while  others 
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form  immoTeaible  rocks,  whicb  increase  slowly  bat  eurely, 
until  they  become  elevated  above  the  aurface  of  the  waters, 
and  constitute  reels  and  islands,  as  I  shall  hereafl«r  describe'. 
The  distribution  of  the  Anthozoa  ia  not  solely  regulated 
by  the  relative  depths  of  the  water ;  like  plants,  tbey  vary 
with  the  climate,  and  in  cold  latitudes  the  Alcyonaria  and 
some  Mydroida  are  alone  to  be  met  with.  On  the  coasts  of 
Britain,  between  50°  and  60°  of  north  latitude,  only  one  or 
two  minute  stony  corals  repreoeat,  'with  the  common  Ac- 
tinia,  multitudinous  in  its  individuals  and  varieties,  and  a  few 
allied  but  rarer  genera,  the  Aetinoidea;  whilst  the  two  other 
groufffl  present  many  forms.  As  we  proceed  southwards 
the  numbers  of  each  group  increase  ;  it  is  not,  however,  be- 
fore the  34th  degree  of  northern  latitude  that  the  Corals  be- 
come developed  to  the  grandeur  and  importance  which  they 
afterwards  attain,  to  the  extent  of  a  parallel  southern  lati- 
tude, except,  in  the  waters  of  the  Atlantic,  around  the  Ber- 
muda Islands,  where  corals  abound,  owing  to  the  temperature 
induced  by  the  influence  of  the  Gulf-stream.'  It  ia  there- 
fore within  the  tropics,  in  a  zone  of  more  than  60  degrees 
expansion,  that  these  beings,  scarcely  visible  to  the  naked 
eye,  hold  their  empire  in  a  medium  whose  temperature 
knows  no  change ;  and  from  the  depths  of  the  ocean  elevate 
those  immense  reefs  that  may  hereafter  form  a  communica- 
tion between  the  inhabitants  of  the  temperate  zones.t 

•  Mt.  Dana  states  thai  60°  Fahrenheit  limjls  tlie  grovlh  of  Corals. 
Corale  nccur,  however,  at  the  Bermudaa,  vtuch  bik  in  lat.  33°,  four  or 
fiye  degrees  beycFnd  the  Coral -limits,  because  of  the  increased  lempera- 
tnre  of  thevater  occasioned  bj  the  Gulf-stream  ;  on  the  other  band,  there 
HTfl  no  Coral-reefs  aroniid  the  Galapa^ag  Islands,  irhicb  are  situated  un- 
der the  equator,  because  of  the  cold  vaters  of  the  eouthern  current  up 
the  South -American  coast,  b;  nhich  the  temperature  of  the  ocean  is  re- 
duced to  60°,  though  20'  further  lo  the  west  the  waters  are  at  81',  (See 
Mr.  Dana  on  "  Areas  of  Subsidence  in  the  Pacific  Ocean,"  American 
Journal  of  Science,  toI.  ilv,  p.  131.) 

t  For  detailed  remarks  on  the  geographical  distribution  of  the  Coral- 
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The  Sponges  are  BunilM-ly  proUfic  to  a  Taet  extent,  pre- 
senting enormoua  masses  and  &nt8stic  shapes,  in  the  Medi- 
terranean and  tropical  seas ;  whilst  a  stunted  and  limited, 
thongh  atill  varied  and  nnmerous,  group  of  SpongiadjB  grow 
around  the  coasts  of  the  temperate  and  colder  seas.  The 
Sponges  frequent  the  fresh  waters  also ;  and  the  study  of 
the  growth  and  structure  of  the  SpvngUla  has  enabled 
natundista  of  late  to  add  much  to  our  knowledge  of  these 
low  forms  of  life. 

27.  Appeaeahcb  of  the  litimo  Cobals.  —  In  some 
parts  of  the  sea  the  eye  perceives  nothing  but  a  bright  sandy 
plain  at  the  bottom,  extending  for  many  hundred  miles ;  but 
in  the  Sed  Sea,  the  whole  bed  of  this  eztenBive  baain  of  water 
is  absolutely  a  forest  of  submarine  plants  and  zoophytes. 
Hereare  bryozoa  and  sponges,  sertularije,  gorgoni»,  madre- 
pores, fungis,  and  other  antbozoa,  with  fiici,  algie,  coraUines, 
and  all  the  variety  of  marine  vegetation,  covering  every  part 
of  the  bottom,  and  presenting  the  appearance  of  a  submarine 
garden  of  the  most  exquisite  verdure,  enamelled  with  uiimsl 
forms,  resembling,  and  even  surpassing  in  splendid  and 
gorgeous  colouring,  the  parterres  of  the  East. 

Ehrenherg,  the  distinguished  German  naturalist,  who  has 
laboured  so  assiduously  and  auceesafuUy  with  pen  and  pencil 
in  illustrating  the  natural  history  of  the  Infiiaoria  and  Fora- 
fflinifera,  was  so  struck  with  the  magnificent  spectacle  pre- 
sented by  the  living  Corals. in  the  £eid  Sea,  that  he  exclaimed 
with  euthuaiaam,  "  Where  is  the  paradise  of  fiowera  that  can 
rival  in  variety  and  beauty  these  living  wonders  of  the 

Itrian  Zoophytes,  the  reader  i%  refeired  to  the  works  of  Lunouronz, 
Blsinville,  Dum,  Darwin,  sod  others.  Vilh  T^nrd  to  the  Bryozoan 
Zoophytes,  sn  excellent  gynapsis  of  their  diatribatioa  in  depth,  accordint; 
to  the  marine  loaet.  on  the  British  coast,  may  be  seen  in  Mr.  Alder's 
•'Caulogue  of  the  Zoophytes  of  Northumberland  and  I>uthani,"  Trans. 
Tyneside  Nst  Field-dub,  vol.  ii.  p.  98,  and  in  the  Microacop.  Joiimsl, 
1857,  p.  242.  To  Mr.  AllmsD's  beaniifal  monograpb  of  tlie  Fresh-water 
Bryoioans  (Rny  Society,  1SA6)  we  have  already  ref<rred. 
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ocean  f "  Some  have  compared  the  appearaiiM  to  beds  nf 
tulips  or  dahlias  ;  and,  in  truth,  the  large  ftingiffi,  with  their 
criniBon  disks  and  their  purple  and  yellow  tentacula,  bear  no 
elight  reeeinblance  to  the  latter. 

The  impresflionB  produced  upon  first  seeing  a  grove  of  live 
Corals  are  thua  vividly  portrayed  by  Mr.  Jukes  .*— 

"  In  a  small  bight  of  the  inner  edge  of  this  reef  tru  a  sheltered  nook, 
where  the  eitreme  slope  wai  well  eipoeed,  and  where  eiery  coral  was  in 
tall  life  and  luxuriance.  Smooth  round  masses  of  meesndrina  and  astiffia 
were  contrasted  with  delicate  leaf-like  and  cup-shaped  expansions  of  ex- 
planaria.  and  with  an  infinite  variety  of  branching  madrepore  and  seria- 
topors,  some  with  mere  Ungec-shaped  projectiona,  others  with  large 
branching  stems,  and  others  again  exhibiting  an  elegant  assemblage  of  in- 
terlacing twigs,  of  the  most  delicate  sad  eiquiaite  workmanship.  Their 
colonrs  were  unrivalled,  —  vivid  gieens,  contrasting  with  more  sober 
browns  and  yellows,  miied  with  rich  shades  of  purple,  from  pale  pink  to 
deep  blue.  Bright  red.  yellow,  and  peach-coloured  nutlipom  clothed 
those  fleshy  masses  that  were  dead,  miogled  with  beautiful  pearly  flakes 
of  eschars  and  relipora;  the  latter  looking  like  lace-work  in  ivoty.  In 
among  the  branches  of  the  corals,  like  birds  among  treee,  floated  many 
beaulirnl  fish,  radiant  with  metallic  greens  or  crimsons,  or  fantaEilicBlly 
banded  with  black  and  yellow  stripes.  Patches  of  clear  white  sand  were 
seen  here  and  there  for  the  floor,  with  dark  hollows  and  recesses,  beneath 
OTerhnnging  masses  and  ledges.  All  these,  seen  tluough  the  clear  crystal 
water,  lie  ripple  of  which  gave  motion  and  quick  play  of  light  and  sha- 
dow lo  the  whole,  formed  a  scene  of  the  rarest  beauty,  and  lell  nothing 
to  be  desired  by  the  eye,  either  in  elegance  of  form  or  brilliancy  and 
hannony  of  colouring." 

The  vast  abtmdance  and  variety  of  animal  life  in  these 
Coral  formatioBB  is  thus  vividly  depicted  by  the  same  natur- 

"A  block  of  coral-rock,  that  was  brought  up  hj  a  fish-hook  from  the 
bottom  of  one  of  our  anchorages,  had  its  sorface  covered  with  brown, 
crimson,  and  yellow  nuUiporie,  many  small  actiniie,  and  soft-branching 
corallines,  sheets  of  flustra  and  eschara,  and  delicate  letiporge,  looking 
like  beautiful  Isce-woik  carved  in  ivory.  There  were  several  small 
sponges  and  alcyonia,  sea-weeds  of  two  or  three  species,  two  species  of 

•  "  Narrative  of  the  Surveying  Voyage  of  H.  M.  8.  Fly,  in  1842— 
ISJG;"  by  J.  B.Juk«s,Natuimlisl  to  the  Expedition,  vol.  i.p,]  17. 


^,  Google 


Hao  THE  WOKDEES-OPOEOLOGT.  L»ot.  TI, 

eomatula.  Mid  one  of  ophiare,  of  the  moat  delicate  colonn  sod  markings, 
and  mui;  amall,  flat,  roundcorali,  Bomething  like  nummuliiea  in  eitemal 
appearance.  On  breaking  into  the  block,  baring  ihella  of  aereral  specie* 
were  found  buried  in  it :  tubes  formed  bji  annelida  pierced  it  in  all  direc- 
tions, mui;  still  coDtnining  tbeir  inhabitants :  while  two  or  three  wornu, 
or  nereis,  lay  twisted  in  and  out  among  iti  hollows  and  receasea  ;  in  which 
likewise  were  three  small  apecies  of  ctaba.  This  block  was  not  above  a 
fuoi  in  diameter,  and  was  a  perfect  museum  in  ilself,  while  ila  outside 
glared  with  beauty  fiom  the  many  brightly  and  Tariaualy  coloured  animals 
and  plants.  It  was  by  no  means  a  solitary  instance!  erery  block  that 
could  be  procared  from  the  bottom  in  from  10  to  'Hi  fathoms  was  like  it. 
What  an  inconceivable  amount  of  animal  Hfe  muat  be  here  acatleied 
nrer  the  bottom  of  the  sea,  to  say  nothing  of  that  moving  through  its 
waters ;  and  this  throogh  spaces  of  hundreds  and  hundreds  of  milee  I 
Every  comer  and  crevice,  every  point  occupied  by  living  beings,  which, 
as  they  become  more  minute,  increase  in  tenfold  abundairee."  Jbid, 
vol.  L  p.  17. 

28.  CobjU^bbefb. — The  vtiet  accumulations  of  calcareouB 
rocks  in  tropical  seas,  resulting  from  the  consolidation  of  the 
disintegrated  skeletouB  of  polypifera,  have  already  been  al- 
luded to,  but  the  physical  changes  that  are  produced  by  such 
apparently  inadequate  means  require  further  consideration, 
since  they  illustrate  the  formation  of  the  coralline  rocks  of 
the  secondary  and  paleozoic  epochs. 

Mr.  Juke's  description,  above  quoted,  of  a  composite 
block  of  Coral  illustrates  this  point ;  and  in  the  little  Fluttrie 
of  our  coast  (p.  612),  delicate  and  brittle  though  they  be, 
we  perceive  the  elements  of  those  important  chimges  to 
which  the  lai^  lamellar  corals  of  tropical  seas  aire  giviug 
rise.  In  the  specimen  before  us,  you  may  observe  that  the 
base  of  the  mass  of  a  Flustra  foliacea,  which  is  about  six 
inches  in  diameter,  is  already  coosolidated  by  an  aggregation 
of  sand,  that  has  filled  up  the  interstices.  On  the  sur&ce 
are  numerous  parasitical  shells  and  Corals,  and  between  the 
convolutions  of  its  foliated  expansions,  echini,  Crustacea,  and 
other  animals  have  taken  shelter ;  while  sajid  and  mud  have 
invested  every  cranny  of  the  lower  third  of  the  specimen, 
and  imbedded  serpules,  sabells,  and  fr^;ments  of  many 
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BpecieB  of  Bhells.  It  ia  evident  that,  were  the  whole  Bpeci- 
men  filled  up  and  eurrounded  by  detritus,  as  it  shortly  would 
be  at  the  bottom  of  the  sea,  a  solid  block  would  be  formed, 
exhibitiDg,  when  broken,  the  remains  of  the  ^Flustra,  impact- 
ed in  a  conglomerate  of  sand,  sbells,  and  soophytes.  Thus 
we  perceive  that  even  the  delicate;  friable  skeletons  of  t  e 
Flustrae  of  our  shores  may  become  the  nucleus  of  a  solid 
rock ;  and  in  the  process  described,  we  have,  as  it  were  in 
miniature,  the  formation  of  a  Coral-reef.* 

28*  CoBAL-BEEF  OF  Loo  Choo. — But  it  IS  in  tropical  seaa 
that  the  MeeandrintB,  Attrma,  Caryopkgllue,  and  other  stony 
Corals  form  those  immense  masses,  which  not  only  give  rise 
to  groups  of  islands  in  the  bosom  of  the  ocean,  but  are  gra- 
dually forming  tracts  of  such  eit«nt  that  a  new  coittioent 
may  spring  up  where  the  &bled  Atalautis  is  supposed  to 
have  once  flourished.  From  the  many  interesting  descrip- 
tions of  the  nature  and  formation  of  Coral-reefs  and  islands 
that  have  been  published  by  our  voyagers,  I  select  the  Ibl- 
lowing  account,  by  Captain  Basil  ^^.11^  of  a  Coral-reef  near 
the  great  island  of  Loo  Choo  : — 

"  Wben  the  tide  baa  left  the  lock  foi  Hotae  time  dry,  it  sppeare  to  bo 
a  compact  naa,  eiceedingly  hard  and  Tu^ed :  but  as  the  water  rises, 
•ad  the  wares  begin  to  vasb  orei  it,  the  polypes  pcolrude  themaelves 
bom  holes  which  were  before  inTLsible.  Theae  aniinals  are  of  a  great 
Tariety  of  shapes  and  sizes,  and  in  such  prodigioas  numbeis,  that  iu  a 
short  time  the  whole  saiface  of  the  lock  appears  lo  be  alive  and  in  mo- 
tion. The  most  common  form  is  tliat  of  a  star,  with  arms  or  tentacula, 
which  are  moved  about  with  a  rapid  motion  in  all  directions,  probably  to 
catch  fbod.  Others  are  so  sluggtdi  that  they  may  be  Diiataken  for  pieces 
of  the  rock,  and  are  generally  of  a  dark  colour.  When  the  coral  is 
broken  above  higb-wster  mark,  it  is  a  solid,  hard  stone  ;  but,  if  any  part 
of  it  be  detached  at  a  spot  where  the  tide  reaches  every  day,  it  is  found 

*  Some  reefs  are  nearly  wholly  compoaed  of  SerpulB  and  Serpuloid 
shells ;  others  of  NulUporea  and  similar  calciferous  sea-plants ;  and  iu  all 
reefs  the  Bryozoa  supply  much  material,  Ihongh  seldom  found  in  such 
masses  as  in  the  Crag,  and  in  the  Maestricht  and  Faxoe  Chalk. 
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tu  be  Aill  of  polypei  of  diCTennt  UngUu  tmd  colours  ;  some  being  u  fine 
u  a  Ihreml,  oE  »  bright  yellow,  and  BOmelimes  of  a  blue  colour.  The 
growth  of  coral  appears  to  cease  when  no  longer  eipoaed  lo  the  washing 
of  the  sea.  Thus  a  reef  risea  in  the  form  of  a  cauliflowi^r,  until  the  inp 
has  gained  the  leiel  of  the  higheat  tidea,  above  which  the  animalcules 
have  no  power  to  advance,  and  the  rerf  of  eourse  no  longer  eitends 
upwards." 

29.  GoBAii-iBiuuioB. — Kotzebue,  Flinders,  Quoi  and  Gai- 
mard,  Darwin,  Dana,  Jukes,  and  others  have  eeverally  de- 
scribed the  fonnatioQ  of  Coral-islands ;  the  following  ia  an 

abstract  of  their  observations : — 

The  coral-hanks  ar^  eveiynhere  seen  in  different  stages  of  progress  : 
some  are  become  islands,  but  uut  yet  habitable  ;  others  are  above  high- 
water  mark,  but  destitute  of  vegetation ;  while  many  are  overflowed  with 
every  retuniing  tide.  When  [tie  polypes  of  the  corals  at  the  bottom  of 
Ihe  ocesn  cease  to  live,  their  skeletons*  still  adhere  to  each  other ;  and, 
the  interstices  being  gradually  filled  up  with  sand  and  broken  pieces  of 
corals  and  shells,  washed  in  by  the  sea,  a  mass  of  rock  is  at  length  formed. 
Future  races  of  these  animalcules  spread  out  upon  the  rising  bank,  and 
in  their  turn  die,  and  thus  increase  uid  elevate  this  wonderful  monument 
of  their  existence. 

The  ree&  which  raise  themselves  aboTe  the  level  of  the  sea  are  usually 
of  a  circular  or  oral  form,  and  surrounded  by  a  deep  and  oAentimes  un- 
fathomable ocean.  In  the  centre  of  each,  there  is  generally  ■  .^hallow 
lagoon  with  still  water,  where  the  smaller  and  more  delicate  kinds  of 
zoophytes  find  a  tranquil  abode  ;  while  the  stronger  species  live  on  the 
outer  margin  of  the  isle,  whtie  liie  surf  dashes  over  them.  When  the 
reef  is  dry  at  low  water,  the  coral-animals  cease  to  increase.  A  con- 
tinuous mass  of  solid  stone  is  then  seen,  composed  of  shells,  echiuoderms, 
and  fragtnents  of  corals,  united  by  calcareous  aand,  produced  by  the  pul- 
Terizalion  of  the  shells  and  of  the  friable  polypuia.  Fiagmeiils  of  coral- 
limestone  are  thrown  up  by  the  waves;  these  are  cracked  by  the  heat  of 
the  sun,  washed  to  pieces  by  the  surge,  and  drifted  on  the  reef.    Afler 

•  The  chemical  constitution  of  the  polyparies  of  Alcyonarian  and 
Actinoidean  Corals  is  treated  of  by  Prof.  Dana  in  his  "  Zoophytes,"  p. 
56,  and  by  Prof.  B.  Silliman,  jun„  in  the  Appeiidii  lo  that  work,  Mr. 
B.  Silliman  has  shown,  contrary  to  eipectaliou,  that  they  contain  a  umtii 
larger  proportion  of  fluorine  than  of  phosphoric  acid. 
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this  the  calcareous  matt  ta  nndislurbed,  and  offers  to  the  aceda  of  the 
cocoa,  pandaiius,  and  other  trees  and  planu.floated  thiiher  by  the  waves, 
a  soil  on  which  ihey  rapidly  grow,  and  overshadow  ihe  white  dazzling 
surface.  Trunks  of  trees,  drifted  by  cuirenta  from  other  countriea,  find 
here  at  len^  a  resting-place,  and  bring  with  them  some  small  animals, 
as  lizards,  inaecla,  &c.  Even  before  the  trees  fenn  grores  or  foresti,  sea- 
birda  nestle  there,  and  strayed  land-birds  find  lefnge;  and  at  a  stijl  later 
period,  Man  takes  possession  of  the  newly-created  country.  It  ia  in  this 
manner  that  the  Polynesian  Archipelago  has  been  formed.  * 

The  immediate  foundutionsof  these  islands  are  ancient  coral-reefs,  and 
some  of  these,  in  all  probability,  are  based  on  the  cones  or  cratera  of  sub- 
marine Totcanos  long  since  eitiact ;  and  others  on  the  lofty  peaks  of  a 
submerged  continent  which  has  undergone  a  slow  subsidence,  and  thus 
admitted  of  the  growth  of  succesaiTe  generations  of  the  coral-ascreliiig 
zoophytes,  and  the  formation  of  immense  beds  and  zones  of  submnrine 
coral-rocks.  There  is  another  circumstance  worthy  of  remark  ;  most  of 
these  islands  ba»e  an  inlet  through  the  reef  +  opposite  to  the  large  'alleys 
of  the  neighbonring  land,  whence  numerous  streams  issue  and  How  into 
the  sea ;  an  eaay  ingress  is  thus  afforded  to  vessels,  and  the  means  of  ob- 
taining an  abundant  supply  of  freah  water  readily  offered. 

Of  the  iramease  extent  oF  the  chnugeH  here  contemplated 
we  may  form  aome  idea  from  the  facta  atated  hj  competent 
obaerrers,  that  in  the  Indian  Ocean,  to  the  south-weBt  of 
Malabar,  there  ia  a  chain  of  reefs  and  islets  480  geographical 
miles  in  length ;  on  the  east  coaat  of  New  Holland,  an  un- 
broken reef  350  miles  long  j  between  that  and  New  Quinea, 
a  Coral-formation  which  extends  upwards  of  700  miles  ;  and 
that  Disappointment  Islands  and  Duff's  Group  are  connect- 
ed hy  600  miles  of  Coral-reefs,  over  which  the  natives  can 
travel  from  one  island  to  another. 

80.  FoEMATioir  or  Cobal-islahds. — From  the  grand 
scale  on  which  these  operations  have  been  carried  on  in  the 
Pacific,  and  the  powerful  volcanic  action  of  which  those 
latitudes  have  been  the  theatre,  as  shown  by  the  ele»atory 

*  At  least  Bomuchof  it  ascanhetnilysaid  to  beof  laleorigui.  Some 
of  the  ialands,  on  the  other  hand,  are  probably  the  coral-created  *inkmg 
leaks  of  a  mountainous  and  possibly  once  continental  area. 

f  Analogous  to  the  broken  side  of  a  crater. 
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movements  to  which  the  neighbouring  continents  have  been 
subjected,  the  eitremely  small  eiteot  of  dry  land  in  that 
world  of  waters  is  a  very  striking  phenomenon.  This  re- 
markable fact  was  supposed  by  Sir  C  Lyell*  to  admit  of 
explanation,  on  the  supposition  that  a  gradual  subsidence 
had  been  going  on  for  ages  over  a  vast  area  of  the  bed  of  the 
Pacific,  which  occasioned  the  solid  materials  produced  by 
the  Coral-zoophytes  to  sink  down  beneath  the  waters,  and 
therefore  no  considerable  additions  were  made  to  the  dry 
land  above  the  level  of  the  sea :  the  Polynesian  Archipelago 
and  the  submerged  Coral-reefs  alone  indicating  the  stu- 
pendous changes  effected  by  zoophytal  agency.  This  opinion 
has  been  confirmed  by  the  observations  of  Mr.  Darwin, 
whose  explanation  of  the  mode  in  which  the  formation  of 
Coral-ialuids  takes  place  is  a  beautiful  example  of  philo- 
sophical induction. 

Tbe  coral-reefs  sre  described  hj  Mr.  Daiwin  as  of  tliree  distinct  kinds, 
ftriaing  bora  the  difleient  circumatADceB  alUnding  their  production.  First, 
AtolUi-f  secoadly,  bairitr-rte/i,  ivluch  are  ridgea  of  coral  eitiier  extend- 
ing in  alraighl  lines  in  front  of  the  shores  of  a  continent  or  Ui^  island, 
or  encircling  a  group  of  small  islands,  and  sepsiated  from  the  land  by  a 
deep  channel  of  water  ;  thirdly,  ^'n^ini^-iw^i,  or  banks  of  coral  super- 
imposed on  the  slopes  of  the  adjacent  land,  and  at  no  great  distance  Siom 

the  shore, 

Bjr  the  gradual  subsidence  of  the  land,  and  the  coincident  upward 
growth  of  the  corals,  fringing-reefe  are  gradually  converted  into  bairier- 
reeb,  and  the  latter  into  Atolls.  Hence  it  is  inferred,  that  coasts  merely 
fringed  bj  reefs  have  not  eubuided  to  any  considerable  amount,  but  either 
have  remained  sladonary,  or  have  been  upheaved,  since  the  growth  of  tbe 
coraL  When  a  barrier-reef,  encircling  an  island,  gradually  sinks  down, 
the  conUs  go  on  ip-owing  vigorouBly  upwards ;  but,  aa  the  island  sinks, 
the  water  gains  inch  by  inch  on  the  shore,  and  the  mountain-tops  at  length 
became  separate  islands,  wiibin  one  great  reef;  and  ultimately  the  high- 
est pinnacle  disappears,  and  a  perfect  Atoll  is  formed.  Hence  lagoon- 
islojids,  hating  originated  Irom  encircling  bairier-iee^ 
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fenenl  size  and  form,  uid  in  the  muiner  in  which  the;  are  grouped  to- 
gedier ;  uid  the;  nu;  be  legsided  aa  outline-chajti  or  models  of  the 
sunken  ialaods  they  now  sunnount.  Bj  thia  theoijof  the  upward  growth 
or  polypifcra  during  the  Bubaidence  of  the  land  on  which  they  are  based. 
Mr.  Darwin  aatiafhctorily  explaiaa  all  the  leading  phenomena  of  those 
marrelloua  slructurea,  (he  barrier-reeh,  and  of  those  fiiry  coml-ialanda 
that  begem  the  lut  expanse  of  the  Pacific,  and  flouriab  in  llie  midst  of 
its  mighty  billows.  The  narrow  belt  of  land  of  (hme  insular  zones,  fre- 
quently but  a  few  hundred  yards  wide,  is  surroonded  by  a  deep  and  olten 
unfathomable  ocean,  and  encloses  a  lake  of  lianquil  water  ;  it  is  crowned 
with  cocoa-nut  treea,  clothed  with  a  luxuriant  tropical  vegetation,  and 
begirt  with  a  beach  of  glittering  sand,  on  which  tte  constantly  dashing 
the  Bnov-while  breakers  of  the  aiare  sea.  Nowhere,  as  Hr.  DarwiQ 
beautifully  remarks,  can  be  found  such  wonderful  proob  of  (he  power  of 
Titality  to  repel  the  influence  of  mechanical  force)  for  the  breakers  far 
exceed  in  Tiolence  those  of  our  temperate  regions,  and  itia  impossible  to 
behold  them  without  feeling  a  conviction,  that  rocks  of  quaili  or  granita 
would  speedily  ■>«  demolished  by  such  irreais^ble  agents ; '  and  yet 
there  stand,  immoveable,  those  marrellous  monumenla— 
"  Raised  by  the  feeblest  creatures  in  eiiatence," 


31.  MoKxaoHBEY  OH  CoBAL-iBi.Aiii)B.  —  The  formation 
of  iBlsndB  and  conlHaents  by  tbe  vital  eaergies  of  couotleBB 
myriads  of  miuute  beings,  the  uncoiiBciotiB  living  inetni- 
menta  of  Btupendoua  physical  changes,  is  invested  with  so 
much  of  the  sublime  and  the  mBTvellous,  as  to  form  a  sub- 
ject alike  calculated  to  engage  the  attention  of  the  philo- 
sopher and  to  excite  the  imagination  of  the  poet ;  and  I  am 
tempted  to  relieve  this  detail  with  the  following  beautiful 
lines  by  James  Montgomery :{ — 

'  See  Mr.  Darwin's  deligbtiiil  volume,  "On  the  Structure  and  Distri- 
bution of  Coral  Reeh." 

t  The  striking  isolation  of  theae  tiny  apecka  of  land  on  the  vaat  ex- 
panse of  ocean  can  be  best  realized  by  a  survey  of  Mr.  Wyld'a  great  Model 
of  the  Earth. 

{  From  "  The  Pelican  Island,"  by  James  Montgomery. 
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"  I  saw  the  living  pile  aacind, 
Tlie  mB.usoleuiD  of  ita  iirchllecli, 
Still  djiiiig  upwards  aa  Ui«ii  labours  clooed  ; 
Slime  the  mitteiUlD,  but  the  dime  waa  turned 
To  adamuil  by  their  petrific  touch. 
Frail  were  iheir  framflg,  ephemeral  their  Utbb, 
Their  muonij  imperiahable.    All 
Life's  needful  funetiona,  fuod,  exertion,  real, 
By  nice  economy  of  Proridence^ 
Were  overruled  to  oarrj-  on  the  process, 
Which  out  of  water  brought  forth  solid  lock. 
Atom  by  atom,  thus  the  mountaiD  grew 
A  Coral-island,  sUretching  east  and  west ; 
Steep  were  the  flanks  with  precipices  sharp, 
Descending  to  their  base  in  oceao-^oom. 
Chasms  few,  and  narrow,  and  irregular, 
Fona'd  haiboors,  safe  at  once  and  perilous; 
Safe  for  defence,  but  peritooa  t«  enter. 
A  sea-lake  shone  amidst  (he  fossil  Isle, 
Beflecting  in  a  ring  its  cliffs  and  caverns, 
Wilh  heaven  itaelf  seeu  tike  a  lake  below. 
Compared  with  this  amazing  edifice, 
Raised  by  the  feeblest  creatures  in  existence. 
What  are  Uie  works  of  inlellectual  nutn. 
His  lemplea,  palaces,  and  sepulchres  i 
Dust  in  the  baUmce,  atoms  in  the  gale. 
Compared  with  these  achieremcnia  in  the  deep, 
Were  all  the  monumenla  of  olden  lime  ! 
Egypl'n  grey  piles  of  hieroglyphic  ^andeur, 
That  have  survived  the  language  which  they  apeak, 
Preserving  iU  dead  emblems  to  the  eye, 
Yet  hiding  from  the  mind  what  these  reieal ; 
Her  Pyramids  would  be  mere  pinnacles. 
Her  giant  statues,  wrought  from  rocks  of  granite, 
But  puny  ornaments  [or  such  a  pile 
As  this  stupendous  mound  ot  catacombo, 
Fill'd  with  dry  mummies  of  the  builders,  worms  ■  " 

S2.  Fossil  Zoofhztes. — The  conditions  under  vhich 
corals  and  other  zoopbjtee  are  preserved  in  the  mineral 
kingdom,  and  the  formation  of  conglomerates  &om  the  debris 
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of  corak  and  shells,  have  been  described  in  the  previous 
lectures ;  in  this  place  I  shall  offer  a  cursory  review  of  the 
geological  distribution  of  fossil  zoophytes,  without  entering 
upon  details  which  will  he  found  more  or  less  fully  eiem- 
plified  in  the  account  of  the  organic  remains  of  the  respective 
systems  of  deposits. 

The  coral-limestones  now  forming  on  the  shores  of  the 
Bermuda  and  Bahama  Islands  (see  p.  83),  and  similar  con- 
glomerates on  those  of  the  Isle  of  Ascension  (p.  89),  prove 
that  at  the  present  time  accumulations  of  calcareous  stone 
are  going  on  analogous  in  character  to  many  of  the  foasili- 
ferous  deposits  of  the  Chalk,  Oolite,  and  other  ancient  form- 
ations. Mr.  Darwin  lias  observed  a  similar  effect  in  the 
Pacific,  where  disintegrated  coral-reefs  give  rise  to  vast  de- 
posits of  calcareous  detritus,  which,  when  dry,  closely  re- 
sembles soft  chalk.  In  the  West  Indies,  blocks  of  siliciQed 
meandrinie,  astrsx,  and  other  reef-forming  species  are 
abundantly  distributed  in  the  superficial  alluvium  of  Antigua 
and  other  islands.  The  phoceoe,  or  newer  tertiary  of  Pa- 
lermo, abounds  in  corals,*  some  of  which  belong  to  species 
that  still  inhabit  the  Mediterranean.  In  the  Crag,  there 
are  a  few  species  of  extinct  corals,t  with  many  forms  of 
Bryonia,  chiefly  now  unknown  as  natives  of  the  adjacent 
Beas.  The  miocene  of  (forth  America  contain  many  kinds 
of  zoophytes,  some  of  which  appear  to  be  peculiar  to  those 
Btrata-t  In  the  eocene  deposits  there  are  several  extinct 
genera  and  many  species.  Excepting  four  genera  in  the 
Crag,§  we  have  in  England  no  fossil  corals  of  younger  age 

■  }i'u:hx!loai,Sptc.Zoqphgi,Diluv.,aai  Michelin,  Iconogr<^ie  2^oophy- 
tologigtit,  have  figured  aad  deecribed  many  of  these. 

t  See  EdwBxdaandHiiiiiie's  Monograph  of  Brit.  Fobs.  CaialB,Palieotil. 
Soc.  1850 

t  See  report  on  Corals  from  the  Tertiary  Formtttlons  of  North  Amerivn, 
by  Mr.  Lonsdale;  Geol.  Soc.  Journal,  vol.  i.  p.  495. 

J  And  a  Millepoce  iii  the  Pleutocene  beds  of  Ayridiire. 
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than  those  of  the  Brnckleaham  and  London  clays  of  eocene 

age.*  It  IB  interesting,  however,  to  olwen-e  that  the  miocene 
tertiariee  of  Austria  contain  reefs  both  of  true  coral  aand  of 
the  vegetable  corallines  (Nullipores)  ;  the  former  proring 
that  in  tertiary  times  the  Vienna  basin  was  a  continuous 
sea  with  the  present  area  of  the  Eed  Sea,  the  nearest 


point  where  snch  corals  are  now  found,  and  whica  was  probably 
a  portion  of  the  channel  of  some  old  north-going  current  of 
worm  water,  like  the  existing  G-ulf-atream.t  In  the  Chalk- 
formation  of  England  corals  j  are  not  abundant ;  throughout 
vast  areas  of  the  fine  white  chalk  there  are  no  considerable 
beds  of  corals,  nor  appearance  of  coral-reefs ;  the  species 
*  EdiTRrdaandHaime,ioc.  cil.  t  Unger,  Proceed.  Vienna  Acad.  IS&G. 
i  Edwards  and  Haime,  op.  di.  p.  it. 
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for  the  moet  part  small  and  delicate  (p.  330).    There  art;, 
however,  numerous  genera  and  apeciea'  of  the  hryozoa  and 

sponges  in  the  chalk  and  its  associated  beds. 

The  manner  in  which  the  remains  of  polypifera  are  dis- 
tributed in  our  white  chalk  involves  an  interesting  inquiry ; 
they  occur  promiseuouHly  intermingled  with  shells,  echini, 
and  fishes ;  we  find  no  beds  of  corals — nothing  to  point  out 
the  former  existence  of  reefs.  This  phenomenon,  however, 
is  in  accordance  with  the  general  lithological  chaiicter  of 
the  Chalk-forn^ation,  and  the  nature  of  its  organic  remains ; 
both  of  which  indicate  a  profound  ocean,  Aa  polypifera  can 
only  exist  at  moderate  depths,  the  occurrence  of  coral-reefa 
was  not  to  be  eipected,  except  in  those  areas  which  may  be 
supposed  to  have  been  formed  in  the  shallows,  or  near  the 
sea-shores. 

The  cretaceous  coral-reefs  evidently  eiisted  further  south, 
tor  the  Hippui'ite-limestone  of  the  south  of  Europe  and  the 
Glosau-chalkof  the  Eastern  Alps  abound  with  corals,*  Corals 
are  not  uncommon  also  in  the  Moestricht  chalk. 

In  the  Danish  islands  of  Seeland  and  Moen,  tfie  fiinty 
chalk  is  covered  by  bryozoan  limestone,  some  portions  of 
which  form  a  compact  building-stone,  while  others  are 
mere  masses  of  bryozoa  cemented  together  by  a  white  de- 
tritus. These  beds  belong  to  the  Chalk-formation;  for, 
although  they  abound  in  univalve  shells  not  common  in  our 
cretaceous  strata,  yet  a.  lai^e  proportion  of  the  sponges, 
bryozoa,  echinites,  and  beleninites  are  identical  with  those 
of  the  English  Chalk.  Sir  C.  Lyell  therefore  infers,  "  that 
the  peculiarity  of  the  fossil  fiiuna  of  Faxoe  \  was  produced 
more  by  geographical  conditions,  such,  for  example,  as  the 

"  Michelin,  Icon.  Zoophyt  plate*  64  lo  73 ;  and  Reau,  Trans.  Vienna 
Ac«d.  voL  vii. 

t  A  locality  in  Denmark,  irbcre  these  dcposiu  are  beat  displayed.  Sea 
GeoL  Tnuu.  2iid  wi.  vol.  v.  p.  243. 
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local  aballowneEis  of  that  part  of  the  cretaceous  sea,  than  by 
any  general  change  in  the  creatures  inhabiting  the  ocean, 
effected  in  the  period  tbat  may  have  ititerrened  between 
the  formatioa  of  the  White  Chalk  and  the  Faxoe  lime- 
stone." The  same  may  be  said  of  the  hiyozoiferoua  strata 
at  Maestricht,  which  contain  also  numerous  nullipores. 

The  remaina  of  spongea  are  very  frequent  in  the  chalk,* 
and  in  many  places  not  only  do  they  swarm  in  the  lime- 
stone, but  abo  in  the  flinta ;  eo  that  almost  every  nodule 
encloBes  a  sponge  or  other  poriferoiia  zoophyte.  The  TTpper 
Oreensand  in  aome  localitiea  contains  immense  numbers  of 
porifera.f  The  gravel-pits,  as  they  are  called,  in  the  neigh- 
bourhood of  rarriiigdon,t  in  Berkshire,  are  extremely  pro- 


lific in  fossils  of  this  kind.     These  beds  consist  of  a  coarso 

*  Michelin,  lam.  Zooph.  plates  2S  to  42.      . 

t  Miss  Benetfg  Catal.  WiUiMra  Fossilt,  410,  18IG. 

%  See  Hr.  Austen's  Memoir  on  tbe  Fossil iferans  Sands  and  GriiTcls  of 
Fumnndon,  Quart.  Joiim.  Geol.  Soe.  vol.  vi.  p.  464;  and  Mr.  U. 
Slinrpe's  Memoir  on  the  same  subject,  tii'ij.  Tol.  I.  p.  176.  ' 
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friable  conglomerate,  formed  of  aaod,  shells,  bryozoa, 
sponges,  ecbinoderins,  and  the  debris  of  other  marine  animals, 
impregnated  with  iron;  some  layers  of  eoncretionary  in- 
durated masses  occur,  originating  Irom  infiltration  of  car- 
bonate of  lime. 

They  contain  myriads  of  perfect  ehells  and  zoophytes ; 
caste  of  nautili,  water-worn  and  other  fossils  &om  the  Oolites, 
belemnites,  itc.  The  FerticilliporaanaitomMant "  {Liyn.  148, 
^g.  3)  is  a  very  elegant  zoophyte  often  met  with  in  this  lo- 
cality. 

One  of  the  most  abundant  and  perfect  of  the  sponge-like 
forms  is  acyathiform  zoophyte  called  "  Petrijied  talt-eellar  " 
by  ^e  quarrymen  ;  it  is  of  a  porous  structure,  an  d  the  inner 
surface  is  covered  with  oscula,  or  little  openings :  it  closely 
resembles  the  fossil  sponge  from  Caen,  figured  in  lAffn.  147, 
which  is  said  also  to  occur  in  the  TTpper  Greensand  at  War- 
minster. 

33.  ViNTttictri.iTES  OF  THE  Chalk. — A  very  elegant 
and  interesting  &mily  of  Zoophytes,  illustrated  by  me  in 
an  early  memoir  (published  in  the  "  Linnteftn  Transactions," 
ToL  li.),  and  subsequently  named  Venfriculitet,^  occurs  in. 
the  cfaalk  of  Kent,  Sussex,  and  "Wiltshire  in  such  numbers, 
and  under  such  dissimilar  forms,  as  to  require  a  passing 
notice  in  this  place.  They  abound  in  some  parts  of  the  chalk 
of  Europe  ;  and  occur  also  in  the  jura-beds  of  Handen. 

The  DiiginBl  fonn  of  the  Ventricnlite  wu  that  of  a  fimael,  Oc  bollow 
inrerted  cone,  tertninating  in  a  point  at  tlie  base,  whence  numerous  Qbiea 
proceed,  bj  which  it  waa  attached  to  other  bodies.  The  outer  integU' 
ment  waa  rettcul&Ied,  that  Ib.  dispoaed  in  meshes  like  net-woik,  su'd  the 
iiuiei  Buifaee  waa  studded  oTsr  with  regulai  openings,  the  oriScet  of 
tubular  cells,  ekch  of  which  was  probably  occupied  by  a  polype.  The 
mbstance  of  the  poljparium,  or  frame-work,  of  Ibis  aggregation  of  ani- 
malculee,  appetus  to  hare  been  aualogous  to  that  of  the  soft  alcyonia, 

■  Much  better  figured  by  Mr.  D.  Sharpe  loc.  cil.  p.  195,  pi.  b,  fig.  1 
t  Medali  of  Crbation,  toI.  i.  p.  242 ;  and  Mi.  J .  Toulmin  Smith's  papers 
on  the  VenliiculidB  of  (he  Chatk,  Ann.  Kat.  Hut.  2  Ser.  toI.  i.  1S48. 
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■nd  to  luTe  piMMueil  a  commoD  iiriUbklUy,  uid  been  able  to  eipimd 
and  coQtnct.  Thti  opinion  a  baied  on  the  circumalance,  tliat  some 
ipecimens  occur  in  which  the  loophyiB  is  in  the  form  o[  a  nearJ;  fl&t 
circular  disk,  and  olhen  In  that  of  a  aubcjliadrical  pouch  ;  in  the  Conner 
Btate  the  outer  reticulated  ilmcture  U  elongated,  wliile  in  the  latter  itis 
coatiacted  and  corrugated.  The  polypa-cella  are  cylindrical  and  *ery 
regular ;  of  theoe  celli  the  flinti  often  preaent  beaulifnl  casts  which  ap- 
pear like  rowa  of  minute  pillar*  on  the  inner  mrface. 

When  the  flint  that  fills  up  the  cavity  of  a  Yentricullte 
can  he  extracted,  it  is  found  to  be  a  solid  cone,  having  ita 
8ur£u»  Btudded  over  with  papilhe,  which  are  casta  of  the 
orifices  of  the  polype-cella.  When  the  enclosed  polyparia 
in  flint-nodules  have  perished,  chalcedony  and  quartz-crytf  als, 
and  sometimes  crystallized  pyrites,  are  found  filling  up  more 
or  less  completely  the  cavities  left  by  the  decayed  parti  of 
the  zoophyte.* 

m.  Zoophytes  of  the  Juka-bsic  Foruation. — Fhe 
Oolite,  as  we  have  previously  remarked,  abounds  in  corab, 
and  contuns  beds  of  limestone  which  ara  merely  coral- 
reefs  that  have  tindei^ne  no  change  but  that  of  elevation 
from  the  bottom  of  the  deep,  and  the  consolidation  of  their 
materials.  The  Coral-rag  of  Wilts  presents  in  &ct  all  the 
characters  of  modem  reefs  ;  the  polypifera  belong  chiefly  to 
the  Attrmda,  the  genera  of  which  family  principally  con< 
tribute  to  the  formations  now  going  on  in  the  Pacific.  Shells, 
ecbinoderms,  teeth  and  bones  of  fishes,  and  other  marine 
ezuviffi,  occupy  the  interstices  between  the  corals,  and  the 
whole  is  consolidated  by  sand  and  gravel,  held  together  ic 
sonlb  instances  by  calcareous,  in  others  bysilicious,  infiltra- 
tions. In  the  chert  of  the  Portland  Oolite  at  Tisbury,  Wilt- 
shire, masses  of  a  beautiful  silicified  cord  occur  ^he  polished 

copical  EiB 

U,  Tol.  xri 

ticulai  account  of  the  tilici&caticn  of  these  and  other  loophyles.     See  alaa 
above,  p.  308. 
t  Edwuda  and  Haime,  loc.  tit.  p.  75. 
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section  of  a  fragment  is  ahown  in  Li^.  143,Jig.  9.  Iiarge 
masses  of  a  cellular  coral  abound  in  the  limestones  of  the 
Great  Oolite  (CdlamopkylUa  radiata).  The  corals,  shells,  &£., 
are  of  extinct  species.  Those  who  have  visited  districts 
where  the  Coral-rag  forms  the  immediate  sub-soil,  and  is 
exposed  to  view  in  the  quarries,  or  in  natural  sections,  must 
have  been  struck  with  the  resemblance  of  these  rocks  to 
modem  coral-banks.  We  know  that  in  our  present  seas  all 
situations  and  circumBtances  are  not  alike  fiivourable  to  the 
existence  and  growth  of  polypifera ;  in  some  parte  of  the 
ocean  they  abound,  and.  in  others  are  altogether  wanting. 
In  like  manner,  in  the  deposits  of  the  Jurassic  formation, 
which  extend  over  a  great  part  of  Europe,  and  have  been 
formed  in  ft  sea  of  vast  extent,  beds  of  coi^l  are  not  univers- 
ally distributed,  but  occur  onlyin  certain  districts  (Nuttheim, 
for  instance)  ;  in  other  words,  they  occupy  the  situations 
which  in  their  native  seas  presented  the  conditions  required 
by  their  peculiar  organization. 

The  Lias  contains  but  very  few  polypifera;  Iiattrcee 
Murehiiani  occurs  in  the  lias  of  Skye.  The  Trias  only  a  small 
number  (in  the  Muschelkalk  and  Halstadt  lime-stone). 

86.  Corals  of  the  Paleozoic  Pobuations.  —  The 
Mountain-limestone  of  the  Carboniferous  system,  which 
will  come  under  our  notice  in  the  next  discourse,  abounds 
in  the  cellular  and  lamelliferous  zoophytes  :  *  and  many  of 
the  deposits  of  the  Devonian  and  Silurian  system  teem  with 
anthozoan  corals,t  of  peculiar  forms,  and  typical  of  particular 
groups  of  strata.  The  corals  of  the  Silurian  deposits  of 
England  t  equally  prevail  in  the  corresponding  strata  of 
Korth  Am  erica.  § 

•  Edmuds  and  Hsime,  Monog.  Brit.  Poa^  Corali.  1852. 

t  Edwaida  and  Haime,  Out.  1853  and  1854;  and  Ann.  dtsSc.  N.  1348. 

J  MurchUon's  "  Siluriia  System,"  vol.  ii.,  and  "  Siluria,"  pp.  1 19  and 
21-J,  &c.    See  alio  M'  Coy'a  Palsoi.  Pan.  Cambridge,  plates  1  b  and  1  c. 

}  See  Hitchcock's  "  Geologjr  of  Hauadkusetu,"  and  HaH'i  "  P«1m- 
ontology  of  ths  state  of  New  York." 
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This  wide  geograpltical  range  of  the  tame  types  of  coral- 
loophjtes  seeme  to  indicate  a  more  equal  temperature  in  tbe 


—  t  BUw  of  Cunl-BBTMB  (Crithophrlluinl  -,  IMTtmthin-. 

BGoe  of  those  remote  epocbs  than  at  present  preratlB ;  for 
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the  reef-forming  geners  do  not  now  exist  in  waters  of  a  tem- 
perature under  60^,  and  are  therefore,  with  the  exception  of 
the  Bermudas  (p.  633),  reBtricted  to  intertropical  regions. 

The  simple  turbinated  corals,  consisting,  like  the  Fungia 
and  Turbinolia  (Pi.  Yl.fig*.  8  and  16),  of  a  solitary  cell 
(^Liyit.  \4&,Jigt.  1,  2,  3),  are  found  in  great  abundance  and 
perfection  in  the  Silurian  limestones  of  Dudley,  Wenlock, 
£c. ;  and  are  associated  with  numerous  lai^  composite 
corals,  branched  and  massiTe.*  The  Wenlock  limestone  (in 
Norway,  Sweden,  Buseia,  and  !Korth  America,  as  well  as  in 
Britun)  contains  a  genus  of  singular  .beauty,  and  which, 
from  the  appearance  presented  by  cross  sections,  is  known 
by  the  name  of  Chain-coral  {^Halynteg  caienularitu ;  Lign. 
150,  j^.  3).  The  tubes  of  this  coral  being  oval  in  section, 
and  arranged  perpendicularly  side  by  side  in  undulating 
lines,  display  in  the  transTerse  sections  elegant  markings  re- 
sembling the  anastomosings  of  delicate  chains. 

The  fossil  compound  polypifera  termed  Lithostrotionf  and 
Syringopora,  consisting  of  clusters  of  parallel  tubes,  later- 
ally united,  form  continuous  layers,  or  reefs,  in  the  Moun- 
tain-limestone of  Ireland  and  other  countries ;  and  on  the 
weathered  surface  of  the  stone,  the  corals  stand  out  in  relief 
ae  sharp  as  in  the  coral-rocks  of  a  recent  lagoon. 

It  is  ioterestiog  to  rem&rk,  vilh  respect  to  foraLI  corals,  that  i  certain 
pecnliatity  of  itructure  distinguishes  Ihose  of  the  pslseoiic  formations 
from  the  ucondBr]r,  tertiary,  and  existing  corals.  In  Hr.  Milne  Edwards's 
clBBBiScatitm  t  of  the  coials  proper,  or  Zoantharia,  there  are  four  chief 
orders,  of  which  the  Z.  tgxmita  and  Z.  perforata  belong,  to  the  recent 
Tertiary  and  Secondary  periods ;  the  Z  tabulaia  and  Z.  ruroia  bein^ 
chiefly  characteristic  of  the  pal  leoioic  period.  In  the  first  two,  or  neozoic, 
groups  ot  conria,  the  tpla,  or  Terticnl  plates  attached  to  the  inner  aides 
of  the  cell,  are  essentially  conipoaed  of  sis  elements,  "  being  disposed  in 

*  See  "Medals,"  chap.  viii..  for  llgure«  and  descriptions  of  f'>»il 
corals;  and  Dr.  Corpenler'a  "  MicrDscope,"chap.  ii.>  forlhe  structnreof 
recent  loophytes. 

t  LUAodmdron,  "  Medals  of  Crealion."  Lign.  70,  pp.  260  nod  2&4. 

X  Monograph  (Pa!.  Soc.)  1B50,  p.  i. 
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groups  correaponding  to  the  six  primitive  iitdii,  or  to  a  multiple  of  tliat 
number ;  "  the  third  order  (Z.  labulata),  in  nbich  the  aeplul  uppatatos 
is  arranged  u  in  the  roregoing,  but  veij  rudimentary,  includeH  two  recant 
genera  (Millepora  Bjid  Heliopora),  tvo  tertiaiy,  and  four  palieoioic  genera ; 
whilst  the  Z.  rtigoia  has  a  qualerttaiy  arrangement  of  the  septal  plates, 
and  is  wholly  palieozoic. 

36.  CoBALLiNE  MA.BBLES. — Certain  limeBtones,  largely 
composed  of  corala,  ia  which  the  interstices  have  been  filled 
up  by  calcareous  spar,  and  the  enclosed  zoophytes  more  or 


less  transmuted  into  the  same  substance,  are  susceptible  of 
a  high  polish,  aud  coustitute  some  of  the  most  beautiful  of 
marbles.  The  elfgantly  figured  limestones  of  Babbieombe 
and  Torquay  in  Devonshire,  and  those  of  Clifton  in  Derby- 
shire, owe  their  markings  to  the  petrified  zoophytes  of  which 
they  are  iu  a  great  measure  made  up.  The  black  marbles 
of  Kilkenny  and  Belgium  are  mottled  with  varied  and 
elegant  figures  of  the  purest  white,  which  are  sections  of 
corala  and  shells  transmuted  into  calcareous  spar. 

*  Drawn  by  Miu  Jane  Allnult  from  a  beautiful  spetimeu  In  the  pos- 
session of  Mrs.  AJInutt,  of  Clapbam  Park. 
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Miuy  of  tke  pebbles  thrown  up  by  the  wavea  on  the  ahore 
along  the  coast  of  Devonghire  are  water-worn  fragmentn  of 
the  coral-limestoiies  of  that  country,  and,  when  cut  end 
polished,  display  exquisite  sections  of  the  enclosed  corals 
(Lign.  149).» 


Mapotti 'it  ^rrlitfiaper*  bij 


mimtJi  DxdleT     (gnurlu.) 


A  reddish  marble,  beautifully  marked  by  the  sections  of 
;he  enclosed  coral-tubes  ("corallites"),  and  susceptible  of  a 


■  The  form  and  atruclure  of  the  ipecies  of  cocal  of  which  a  KdiaD 
■Fpeots  in  (hi>  polished  pebble  are  ehown  in  Lign,  B6,  H«d>lB  of  Cre- 
Hlion,  vol.  i.  p.  258. 


654  THE  WONDEKS  OF  6BOL0GT.  Laci.  Tl. 

good  polish,  is  quarried  in  some  parts  of  WeBtmoreland  and 
Derbyshire  (Lign.  150,^y.  2).  Mr.  Parkinson •  ascertained 
that  the  hue  of  this  marble  ma;  be  dependent  on  the  original 
colour  of  the  coral,  which  probably  was  of  a  reddish  hue. 

I  tiare  mentioned  (p.  617),  that  the  earthjr  matter  of  the  iec«iit  coriiJs, 
like  the  phosphate  of  lime  in  the  bones  of  animals,  is  accreted  by  a  mem- 
bcajioua  structure,  and  that,  if  the  lime  be  remored  hy  a  chemical  pro- 
Cesa,  the  tissue  will  be  rendered  manifest.  Few,  lioweier,  will  be  pre- 
pared to  leant,  that  even  in  corals  which  hare  been  entombed  in  the  solid 
rock  fur  itmumeiable  ages  the  animal  membrane  can  be  detected.  To 
H[.  Parkiiuon  we  are  indebted  for  tlie  knowledge  of  this  inteteating  facL 
Ha  immeiaed  a.  piece  of  marble  (ttjn.  \M,Jig.  2)  in  dilute  muiiatic 
acid,  which  haa  the  properly  ot  dissolving  calcareous  earlh  without  affect- 
ing animal  matter:  to  employ  his  own  words,  "as  the  calcareous  earth 
diasulved,  and  tlie  carbonic  acid  gas  escaped,  I  was  much  pleased  to  ob- 
serve the  membraaaoeous  substance  appear,  depending  frotn  the  marble 
in  light,  flocculent,  elastic  membranes.  Many  of  these,  moat  unexpect- 
edly, retained  a  very  deep  red  colour,  and  appeared  in  a  beantifttl  and 
distinct  manner,  althougji  not  absolutely  retaining  the  fuim  of  the  tubi- 
pore."    (£oc.  cU.) 

87.  Ceinoidea,  OB  Lilt-shaped  A^iMAXs.f — The  Echi- 
nites,  BO  numeroua  in  the  chalk  (p.  338),  and  the  Star-fishea, 
which  are  more  sparingly  distributed  in  the  cretaceous  strata, 
are  referable  to  the  same  group  of  marine  animals  as  those 
to  which  I  would  now  direct  your  attention.  All  these 
creatures  belong  to  the  class  Badiaria,  bo  named  from  the 
different  parts  of  which  the  animal  is  composed  being  ar- 
ranged symmetrically  around  the  centre.  This  structure  ia 
exemplified  in  the  Uratter  and  Anterias,  or  Cross-fish  and 
Star-fish,  that  abound  on  our  coasts,  and  must  be  familiar  to 
every  one.  These  animals  have  a  central  disk,  containing  the 
mouth  and  viscera,  from  which  proceed  five  long  arms  or 
rays ;  the  skeleton  ia  composed  of  numerous  little  bones, 

•  Organic  Bemains  of  a  Former  World,  vol.  ii.  p.  16,  pi.  I.  fig.  3. 

t  Medals  of  Creation,  chap.  Tiii.  The  Pictorial  Atlai  Fou.  Rem.  con- 
tainsnumeious  figureeof  Crinoidea  (plates  XLVl.  to  LU.).  Ste  MulLei'a 
elaborate  descriplion  oi Penlacrinut  Capui-mtdtait,  ice-,  Berlin.  TtbosbcI. 
IMl.p.  177,  Stc. 
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enveloped  in  a  tough  integument.  These  boneB,  or  otneula, 
are  calcareous;  and  ate  in  close  apposition  over  the  body, 
but  are  articulated  together  in  regular  Boriee  along  the  mar- 
gins of  the  rays,  which  are  therefore  atrong  and  flexible.  A 
longitudinal  furrow  extends  from  the  mouth  to  the  extremity 
of  each  ray,  the  aides  of  which  are  perforated  by  alternating 
rows  of  pores,  for  the  exsertion  of  tubular  t«ntacula. 

Some  kinds  of  Ecbinoderms  (the  Comattdis,  or  Feather- 
stars),  instead  of  the  five  flat  rays,  have  jointed  arms,  that 
proceed  from  a  central  cup-shaped  calcareous  base,  and  di- 
vide and  subdivide  into  delicate  jointed  tentacula,  the  sides 
of  which  are  fringed  with  rows  of  still  Bmalier  articulated 
pimuB  or  proceases.*  ?Jow,  if  we  imagine  a  Comatula  placed 
with  its  mouth  upwards,  and  fixed  on  the  top  of  a  jointed 
stem  by  tbe  centre  of  its  dorsal  surface  (a  condition  actually 
existing  in  the  young  Comatula),  we  have  the  essential  type 
of  the  Crmoideans,  or  Lily-abaped  animals,  so  named  from  a 
fancied  reaemblance  of  some  of  the  species  when  in  a  state  of 
repose  to  a  closed  lily.  This  family  is  not  abundant  at  the 
present  day ;  its  existing  representatives  are  a  few  small 
species  (with  or  without  stalks),  on  the  British  and  Euro- 
pean coasts,  a  more  oumerous  series  of  large  Comatulfe  in 
the  tropical  aeaa,  and  by  tbe  rare  fixed  crinoid  {Pentaerinu* 
Capitt-Meduste)  inhabiting  tbe  seas  around  the  West  Indies. 
Of  this  elegant  and  scarce  representative  of  the  seas  aroxind 
the  West  Indies,  and  of  tbia  sole  representative  of  the 
numerous  crinoideane  of  the  paheozoic  ages,  but  five  or  six 
specimens  have  been  brought  to  Europe.f  It  belongs  to  that 
subdivision  in  which  the  joints  of  the  column  are  pentagonal, 
bence  its  generic  name.J 

38.  Stedctubb  oe  the  Cbisoidea. — From  this  recent 
example  {Lign.  151),  which  does  not  essenti^y  difi'er  from 

*  The  lliing  BritisU  SCar-fisheH  aie  beautifully  figured  in  the  late  Pro- 
frasor  E.  Forbea'a  charming  work,  publiaheU  by  Van  Voorat,  1841. 
t  PeuifiictiDiw  and  tbeii  Teaohinga,  p.  77.  J  Medula,  p.  282. 
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the  extinct  forms,  a  more  accurate  knowledge  of  the  struo 
ture  of  these  curious  animals  has  been  obtained.  The  Gri- 
noideans  are  characterized  by  having  a  root  or  process  of 
attachment,  hj  which  they  are  fixed  at  the  base  to  the  rock, 


— a  stem  composed  of  numerous  articulations,  or  separate 
pieces  of  a  solid  calcareous  substance, — and  a  cup  or  vase  at 
the  summit  of  the  stem,  which  contains  the  body  or  viscera, 
of  the  anim^,  and  from  the  upper  border  of  which  proceed 
articulated  arms  or  tentacula.     When  the  animal  is  alive, 
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the  skeleton  is  covered  by  a  soft  iategumeut,  as  in  the  Star- 
fishes ;  the  mouth  ia  situated  on  oue  side  of  the  centre  of 
the  receptacle,  which  is  surroimded  by  the  arms  tliat  spread 
out  and  expand  into  a  net  to  capture  the  living  prey,  and, 
like  the  tentacula  of  the  hydra,  seize  and  convey  it  to  the 
mouth.  I  scarcely  need  remark  that  the  Crinoidea  are  iu- 
dirtdual  organisms,  and  are  never  aggregated  and  united  by 
one  common  aiis,  as  are  the  compound  Polypifera  that  late- 
ly engaged  our  attention.  There  are  some  fossil  crinoideans 
destitute  of  a  stem,  and  these  must  have  been  free  animals. 


floating  at  liberty  through  the  water,  like  their  analogues,  the 
recent  Feather- stars. 

The  number  of  ossicula  in  the  skeleton  of  a  single  Encri- 
nite  has  been  computed  at  thirty  thousand ;  but  in  the  more 
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complicated  Fentacrinitea  they  exceed  one  hundred  and 
fifty  tltouaand,  and  in  the  plutnose  epeciea  must  amount  to 
hundreds  of  thousands.*  The  detached  ossicula  occur  in 
myriads  in  the  Carboniferous,  Devonian,  and  Silurian  rocks, 
and  the  relics  of  one  species  alone  Bometimes  form  thick 
beds  of  marble  in  the  mountain-limeBtoDe  series. 

39.  Emcriniteb  asd  Pentacbiniteb, — The  foasil  re- 
niaics  of  Crinoidea  conaiBt  of  the  ossicula  of  the  column, 
arms,  and  tentacula, — of  the  plates  of  the  vase  or  re- 
ceptacle,— and  of  the  more  massive  peduncle,  by  which  the 
base  of  the  column  was  permanently  Gxed  to  the  rock,  l^e 
separate  bones  of  the  column  were  called  irochites,  or  wheel- 
atones,  by  the  early  collectors ;  and  aeveral  united,  entro- 
ehiteg.  In  the  north  of  England  they  were  popularly  known 
by  the  name  of  "fairy-stones,"  and  "St.  Cuthbert's  beads ;"t 
the  circular  perforated  kinds  are  occasionally  found  in  tu- 
muli, having  been  worn  as  omamentB  by  the  ancient  Bri- 
tons. These  bodies  present  considerable  variety  in  form, 
and  their  articulating  surfaces  are  marked  with  diversiHed 
floriform  and  stellular  figures  ;  as  in  the  series  of  specimens 
before  us  {Ltgn.  152).  The  central  perforation,  which  is 
circular  and  very  smaU  in  some  species,  and  large  and  pen- 
tagonal in  others,  forma  in  the  united  column  a  channel  from 
the  receptacle  to  the  base,  which  is  supposed  to  have  con- 
tained a  chord  of  animal  matter.  The  inner  part  of  the 
ossicula  seema  to  have  been  more  perishable  than  the  ex- 
ternal zone ;  for  the  former  is  often  filled  up  either  with 
epar,  or  the  material  of  the  surrounding  rocks.  In  the 
silicious  veins  and  bands  of  chert  that  pervade  some  of 'the 
limestones  of  Derbyshire,  the  curious  fossils  termed  "  pulley- 

*  Tbe  ossicula  of  no  ElxtrneriDua  *ie  calculated,  at  a  moderaW  com- 
putation, to  amount  to  tlis  numlwi  of  neuly  !^U,(KIU.  Austin's  Monog. 
Crinoid,  p.  105. 

t  Parkinson  (Orp,  Rein,  vnl.  ii.  p.  15S,  &•:.)  enumerateB  the  popular 
names  bywhiub  these  Utile  fuisils  hare  been  known  in  <lilTerent  CDUiilrii^i. 
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stonCB,"  or  " screw-atonea,"  olen  occur;  tlieae  are  casta 
formed  by  the  infiltratioa  of  ailex  into  the  cavities  of  eocri- 
uiliil  columna  {Lign.  152,Jig.  1). 


OccaaionaUy  encriaitHl  joints  are  found  in  the  fluor-spar 
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contained  in  the  mountain-limestone  of  Derbyshire;*  and 
thiu  show  that  this  beautiful  spar  has  been  the  result  of 
some  metamorphic  action  on  the  limestone,  the  organic  re- 
maina  alone  reaisting  the  transmuting  influence  of  the  fluoric 
acid. 

The  skeletons  of  the  Crinoidea,  like  the  stony  fabric  of 
the  corals,  vere,  of  course,  secreted  hj  the  animal  mem- 
brane ;  and,  as  in  the  fossil  coral  (p.  664),  this  tissue  may 
be  detected.  Upon  submitting  some  encrinital  ossiculafrom 
the  Derbyshire  limeetonea  to  the  action  of  weak  acid,  the 
calcareous  earth  was  removed,  and  the  original  membrane 
appeared  in  transparent  floccuU-f 

40.  Dehbtshtkx  ehcbinital  Maeele.  —  Some  of  the 
strata  of  Mountain-limestone,  both  in  Europe,  Asia,  and 
America,  consist  entirely  of  remains  of  Crinoidea ;  and  in 
Derbyshire  some  of  the  beds  form  a  compact  marble,  which 
is  largely  emploj'ed  for  chimney-pieces  and  other  ornamental 
purposes. 

In  the  quarries  on  Middleton  Moor,  a  short  distance  from 
Cromford,  in  Derbyshire,  extensive  quarries  of  this  marble 
are  worked,  and  abundance  of  these  fossils  are  everywhere 
scattered  about.  The  cavities  of  the  entrochites  are  often 
fiUed  with  white  calcareous  spar,  while  the  ground  of  the 
marble  is  of  a  dark  reddish  brown.  In  other  varieties  the 
substance  of  the  fossils  is  white,  and  the  grovtnd  dark-grey 
or  brown :  both  kinds,  when  worked  into  polished  slabs  or 
ornaments,  are  very  beautiful  and  interesting.  A  specimen 
of  such  limestone  (from  the  borders  of  Westmoreland  and 
Yorkshire),  with  the  crinoidal  columns  in  relief,  is  repre- 
sented, Xijn,  158,^.  1,  and  a  polished  slab  in  Jig.  2. 

41.  The  Lili-Ekcbimite. — One  of  the  most  elegant  of 
the  fossil  crinoidea  is  tie  Zilg  Encrinite  (Encrinus  lilHJbrmit, 
Sehlotheim),  which,  as  already  stated,  occurs  only  in  the 

■  Quart.  Jonm.  Oeol.  Soc.  vol.  vii.  port  2,  MJBcell.  p.  115. 
t  S«s  PukinwHi'i  Organic  Bemum,  vol.  iL  p.  166. 
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MiiBchelkalk  of  tlie  Triaseic  system  of  Germany  (p.  550), 
and  is  principally  found  in  one  locality,  near  the  village  of 
Erkerode,  in  Brunswick.  The  structure  of  this  anima!  is 
beautifully  exemplified  in  the  fine  specimen  figured  in  Zipn. 
131,  which  was  formerly  in  the  collection  of  Mr.  Parkin 


» 


Hg,l.  ApLUwIlklk. 


The   stem  of  the  Encrinug   liliiformis  is   constructed   of 
QBsicula  alternately  large   and   orbicular,   and    small  and 

■  Org,  Rem.  toI.  ji.  pi.  XIV.  p.  174. 

t  Thia  IB  piobabl;^  ihe  Maraipitet  ittvigalui  o{  Forbe*.  Dixon'i  Fo>t. 
SiHsai,  pi.  20,  fig.  8.  The  species  nf  this  genus  have  not,  howevei,  been 
ypl  well  ivorked  out.  Reraains  of  Marsupites  hare  been  found  in  Ihe 
(^halk  of  Kont  (Marga(p),  Siifisex  (Offham,  Preston,  Brighton,  and  Burp- 
liam,  near  Arundel},  Wilis  (TidwortlOi  and  Danes  Dikci  VorkBhire. 
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Cylindrical,  thus  forming  a  column  of  great  flexibility. 
The  "pelvis,"  or  plated  cup  containing  the  body,  resem- 
blca  in  shape  a  depressed  vase ;  the  upper  part  of  its  cavity 
appears  to  have  been  closed  by  an  integument  protected 
by  numerous  plates,  the  mouth  of  the  animal  being  situated 
near  the  centre. 

It  will  elucidate  this  subject  if  we  examine  this  specimen 
of  a  JUartupiie,  in  whieh  the  bases  of  two  of  the  arms  are 
preaerTed  {Liffit.  151).  A  vertebral  column  attached  to  the 
central  plate,  at  the  base  of  this  crinoidean,  would  convert 
it  into  an  Encrinite ;  and  in  the  large  expanded  plates  of 
the  receptacle,  and  the  string  and  simple  ossicula  of  the 
arms,  we  have  the  elements  of  the  more  complicated  and 
delicate  fabric  of  the  Lily  Encrinite.  In  another  speci- 
men of  Maraupite  (now  in  the  British  Museum),  the  plates 
•  which  covered  the  opening  of  the  receptacle  are  preserv- 
ed." The  Marsupit*  may  therefor^  be  considered  as  a  free 
Crinoid,  uniting  the  Comatulidce  with  the  Apiocrinidn  and 
their  allies.  The  form  of  the  perfect  skeleton  of  the  Mar- 
Bupite  was  shown  in  a  previous  lecture,  when  treating  of 
the  Badiaria  of  the  Chalk  (p.  837), 

42.  Pbak-Ehceinite  (Apiocbinch)  of  BBASFOBD.'f — 
A  smooth  Crinoid,  which,  from  the  body  having  a  pyriform 
shape,  has  received  the  name  of  Pear-Encrinite,  occurs  in 
considerable  numbers  in  the  Oolite  near  Bradford  in  Wilt- 
shire, under  the  interesting  circumstances  already  mentioned 
(p.  504). 

The  receptacle  or  body-eup  of  this  Encrinite  is  very 
smooth,  and  crossed  transverselv  by  fine  lines  where  the 
plates  of  which  it  is  composed  unite.  The  stem  is  short, 
smooth, and  strong;  the  arms  are  simple,  and  bear  consider- 
able resemblance  to  those  of  the  Marsupite.  In  this  draw- 
ing {Lign.  155, ^y.  1),  reduced  from  Mr.  Miller's  work  on 

■  See  Fossils  of  ibe  South  Downs,  pt.  XVI.  6%.  6. 

t  Aledats  of  Creation,  p.  289 ;  Piclor.  Atlas,  pi.  L.  figs.  1—8. 
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tne  Ciiu'olde^  a  group  of  these  siiim&Ia  is  represented  as  if 
alive  in  the  water.  A  few 
perfect  epecimens  have  been 
obtained  ;  but  the  body  is 
usually  found  deprived  of  the 
arma,  and  broken  off  at  the  top 
of  the  column  (Jff.  2):  the 
vertical  polished  section  (_;fy. 
3)  shows  the  form  and  ar- 
rangement of  the  plates  com- 
posing the  receptacle  or  pelvis. 

There  is  a  crinoidal  genus, 
termed      Sourgueticrinus     by  1 

D'Orbigny,*  much  resembling 
the  Apiocrinue  in  miniature, 
and  formerly  confounded  under 
the  same  name,  that  occurs 
plentifully  iu  the  Chalk  of 
England  and  Europe,  and  has 
been  found  also  in  the  London 
Clay.      Parts   of  two   species  , 

are  figured  in  the  Medals,  vol.       ^^^  ^u-tkilk  nvaasnF  or 
i,  p.  291,  /,!>».  93.  "      BKXDRiRi.. 

43.  Pentacriniteb,  Acti-  Mpi«™»p..t™mi,) 

H0CEIBITE8,      Act In       the      ^'n  '■  *  B""l>  of  AplocrinLlw  npncnt' 

Pentacrinus  and  closely  allied  ^i"th' wnMDi.t.rudri,o^™ 

Estracrinus,!  the  oaaicula  com-         ^  '^^outt  p„,.a,cnnUf 
posing  the  columns  are  pen-         i,  iTtniMiiii«[onofiii(!H.nie, 
tagonal,  but  in  some  species 

tbey  have  only  four  angles  {Lign.  152,/y.  10)  ;  and  in  some 
the  angles  are  acute,  in  others  rounded.  The  sterna  ara 
fumiahed  with  numerous  side-anna  (see  the  recent  speci- 

•  Hist.  Nat.  Crinoides,  4to  (unfinished). 

t  Medals,  r-  2H'',  i'?"-  S*:  Buckland'a  Bridg.  Treat,  pi.  47—53. 
X  See  the  imfiniahed  Monograph  on  Recent  and  Poasil  Crinoidea,  bjr 
Jlciura.  Aiulin,  p.  sa,  Ac. 
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men,  Lign.  151),  and  tbe  tentacula  subdivide  into  innumer- 
able branches,  which  terminate  in  delicate  articulated  rava. 


Allusion  has  already  been  made  (p.  628)  to  tbe  abundance 
and  extreme  beauty  of  the  plumose  Pentacrinites  of  the 
Liae-sbale  at  Lyme  Begis,  and  other  localities  in  Yorksbire, 
GloucesterBhire,  and  Someraetahire.     See  also  Ltgn.  1S7. 

Many  other  genera  of  this  numerous  family  have  been 
discovered,  and  are  figured  and  described  by  paltcon- 
tologists.*     In  Bome  instances  the  receptacle  appcnre  to  bo 

■  For  a  more  Dtulicnlor  occDUDt  of  Ibe  naliiral  lilalory  uf  lliii  (hlio  of 
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closed,  the  tentacula  being  retracted  or  bent  inwards,  na 
if  the  animal  had  been  in  the  act  of  conveying  prey  to  its 


mouth,  at  the  very  moment  of  its  becoming  enveloped  in 
its  rocky  sepulchre  (Liffn.  156,  ^ff.   1).     lu  other  exam- 

animsla,  beaidea  Uie  works  by  Pttrldniion,  Miller,  D'Orbigny,  Austin, 
Phillips,  aud  olhera,  already  referrad  lo,  see  Forbes,  Memoira  Gaol.  Sur- 
vey, vul.  ti.,  and  Monog.  Tert.  Ecbiu.  (Pal.  Sue.);  Goldfuaa,  Petrif. 
Geimaiiic,  &c. ;  M'Coy.  Paliioi.  Foaa.  Cambridge  Mua.;  Hall,  Palieoiit. 
New  York ;  and  especially  the  masterly  history  of  the  Crinoids  of  the 
Carbomferous  System,  by  MM.  L.  de  Koninck  and  H.  le  Hon  (M€m. 
Acad.  Roy.  Belgique,  IS54),  which  contains  a  remarkable  regisler  of 
nearly  35U  books  and  memoirs,  dating  fiam  15^  to  1353,  in  which  theee 
interesting  fossils  bare  been  described.  BInce  1853  Rcemer,  Miiller, 
Sandber^ier,  Shumard,  Wright,  and  others  have  added  much  lo  out 
knowledge  of  the  Crinoids.  Bronn's  New  Edition  of  his  Ltlhcea  Geognot- 
liea,  and  Pictet'a  PalAnttologii,  2nd  Edit.  ral.  i>.,  should  be  consulled  for 
the  lattBt  r6sam^  on  the  subject :  these  two  works  supply  also  beaulilul 
snties  of  illufltrations  of  all  the  generic  forms  of  this  family. 

*  This  is  n  parlian  of  a  beautiful  specimen  in  the  British  Museum. 
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pies,  ihfi  skeleton  lies  in  relief,  with  the  armH  iprend  out, 
OB  if  the  creature,  while  float- 
ing at  ita  ease  in  the  water, 
had  been  suddenly  Buirounded 
and  entombed  iu  the  mud 
(Lignt.  157,  158).  The  ele- 
gant plumose  encrinite,  term- 
j  ed  Aatinocrinu*,*  occurs  in  a 

beautiful  state  of  preserva- 
tion in  the  Mountain-lime- 
stone ;  the  form  of  the  origi- 
nal is  well  represented  in 
the  lAgn.  156,  fig.  2,  p.  664. 
The  receptacle  of  the  Actino- 
crinite  is  constructed  of  nu- 
merous plates,  which  in  many 
species  are  richly  ornament- 
ed ;  and  some  have  the  sur- 
face granulated  in  a  radiating 
manner,  like  those  of  certain 
LioB.  iM,-cii»-uiE  BscKiMii.  TarfetieB  of  the  Marsupile.  In 
(Ctm0mrii,tu'^«—i.i  another  ^enus,  the    C^aiho- 

Froni  Th,  Monduin-umf.wM,  cicBion.  cMniM  (iiyw.  158),  thc  reccp- 
taele  is  very  simple,  and  com- 
posed of  but  few  plates.  The  ossicuta  of  the  columns  in  the 
Actinocrinites  and  Cyathocrinites  are  round  and  smooth : 
a  beautiful  specimen  of  the  cup-shaped  Eucrinite  is  repre- 
sented, of  half  the  natural  size,  in  lAgn.  15S. 

44.  Pentekmitbs  amd  CTSTinBA. — The  species  and  even 
genera  of  the  fossil  Crinoideat  are  so  numerous,  that  their 
bare  enumeration  would  require  more  space  than  we  can 
allot  to  the  subject,  and  J  can  only  notice  two  other  remark- 
able types. 

■  Signifying  the  Radiated,  or  Kave-and-apoke  Lily-nnitnaU 
I-  M.  Piclel  enumerates  upwards  of  a  hundred  gentTU. 
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Pentremitet.  These  Lilj-shaped  aoimala  aeem  to  hold  an 
intermediate  spate  between  the  Echinites  and  the  EncH- 
nitee.  Their  receptacle  coDsista  of  five  petaloid  divieions 
united  by  corresponding  series  of  plates,  which  meet  in  a 
point  at  the  summit.  E&ch  petal  is  divided  by  a  groove,  and 
is  perforated  near  the  apes.  They  have  a  very  short  pedicle. 
These  Crinoideans  are  so  abundant  in  some  of  the  cherty 
beds  of  the  mouatain-limestonee  of  Kentucky,*  that  the 
rocks  have  acquired  the  name  of  Pentremital  limestone.  Six 
or  seven  species  occur  in  the  mountain-limestone  of  Tork- 

Ck/gtidea.  In  the  oldest  of  the  fossihferous  strata  there  oc- 
cur certain  Crinoideans  of  a,  type  which  is  supposed  to  he 
restricted  to  the  oMer  palaeozoic  periods.  There  are  about 
fifteen  species  in  Britain,  cliiefly  of  the  genera  Eekinogphce- 
rites  and  Pseudocrinileg.  These  fossils  were  distinguished 
by  Von  Buch  t  hy  the  name  of  O/sttdea.  The  receptacle 
ia  of  an  oval  form,  composed  of  numerous  polygonal  platea 
articulated  together,  and  having  the  necessary  apertures  on 
the  side  of  the  cup  required  by  the  economy  of  the  animal  j 
it  has  a  short  pedicle.  The  Cystidea  are  supposed  to  be 
destitute  of  true  arms.  They  comprise  several  genera,  and 
are  among  the  first  forms  in  which  the  Crinoidea  appear  in 
the  natural  records  of  our  planet. 

I  must  here  conclude  this  very  general  notice  of  the 
Crinoideans,  a  family  which,  though  of  excessive  rarity  in 
the  present  seas,  swarmed  in  the  oceans  of  the  earlier  epochs, 
in  various  modifications  of  form  and  structure,  comprising 
numerous  genera  and  species,  all  of  which  are  now  extinct. 

45.  CowcLTTniifci  beuases.  —  From  this  review  of  the 
Polypifera  and  Crinoidea,  we  learn  that  an  atom  of  living 
jelly  floating  in  the  ocean,  and  at  length  becoming  affixed 

■  Sny;  Joiimal  of  Ihe  Acatl.  Nsl.  Sciences  of  Philadelphia,  for  1820. 
t  Transact.  Acad.  Berlin;  and  Quart.  Journ.  Geo).  Soc.  vol.  11.  port 
-2,  Miscull.  p. '20;  andAualln,  aid.vo].  iv.  p.  291. 
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to  a  rock,  may  be  the  flret  link  in  a  chain  of  eyents,  which 
after  the  lapse  of  agei  may  produce  important  modifications 
in  the  physical  geography  of  our  globe.  We  have  seen  that 
the  living  polypes  in  their  rocky  habitations  enjoy  all  the 
blessings  of  existence,  and  at  the  same  time  are  the  uncon- 
scious instruments  of  stupendous  operations,  which  in  after- 
ages  may  afiect  the  destinies  of  mighty  nations;  and  that 
the  materials  elaborated  by  their  agency,  and  subsequently 
consolidated  by  chemical  changes,  may  become  the  founda- 
tions of  Islands  and  Continents,  and  constitute  new  and 
favourable  sites  for  the  abode  of  future  generations  of  the 
human  race. 

And  when  we  bring  the  knowledge  thus  acquired  to  bear 
on  the  natural  records  of  our  planet,  and  examine  the  rocks 
and  mountains  around  us,  we  find  that  in  periods  so  remote 
as  to  exceed  our  powers  of  calculation,  similar  effects  were 
produced  by  beings  of  the  same  type  of  organization  as  those 
whose  labours  have  been  the  subject  of  our  contemplation. 
We  are  thus  enabled  to  read  the  history  of  the  past,  and  to 
trace  the  succession  of  events,  each  of  such  duration  as  to 
defy  all  attempts  to  determine  with  any  approach  to  proba- 
bility the  period  required  for  ite  development. 

In  fine,  these  investigations  have  shown  us  the  marveUous 
structure  of  creatures  invisible  to  the  naked  eye,  their  modeo 
of  life  and  action,  and  the  important  changes  effected  in  the 
relative  proportion  of  land  and  water,  by  such  apparently 
inadequate  agents.  They  have  instructed  ns,  that  above, 
beneath,  and  around  us  there  are  beings  so  minute  as  to 
elude  our  unassisted  vision,  yet  possessing  sensation  and 
voluntary  motion,  and  each  furnished  with  its  systems  of 
nerves,  muscles,  and  vessels,  and  preying  upon  creatures 
btill  more  minute,  and  of  which  millions  might  be  contained 
in  a  drop  of  water ;  nay,  even  that  these  last  are  supported 
by  living  at6ms  still  less,  and  so  on — and  on — until  tho 
mind  is  lost  in  astonishment,  and  can  pursue  the  subject  no 
further ! 
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Thus  are  we  taught, — 

"  That  thoea  liTing  thingi 
To  whom  the  Engile  blade  of  gius. 
That  ipriDgelh  in  the  moni 
And  perisheth  ere  noon, 
Ii  til  uaboiinded  world — 

Tlut  thoae  viewleu  being*, 
Whoge  manaion  is  the  iDiallegt  panicle 
orihe  impasaife  aimosphere, 
E^jo;  and  lire  like  roan  I 
And  the  minuieat  throb. 
Which  through  their  frame  diffiues 
The  alighlest,  fainleet  motion, 
fa  fixed  and  indispeniahle 
Aa  (he  majeitic  Uva 
That  rule  yon  lolling  orba !  " 

Shellet. 
We  have  contemplated  the  reaulta  produced  by  these 
countless  myriads  of  animated  forma, — the  excess  of  calca- 
reous matter  brought  into  the  waters  of  the  ocean  consoli- 
dated by  their  influence,  and  giving  birth  to  new  regions ; 
and  we  have  obtained  evidence  that  in  the  earlier  ages  of 
our  globe,  like  effects  were  produced  by  simDar  living 
instruments.  The  beds  of  fossil  coral  are  now  the  sites  of 
towns  and  cities,  whose  inhabitants  construct  tbeir  abodes 
of  the  limestones,  and  ornament  their  temples  and  palaces 
with  marbles  formed  of  the  petrified  skeletons  of  the  zoo- 
phytes which  lived  and  died  in  oceans  that  have  long  since 
passed  sway ! 

Hence  we  perceive  that  He  who  formed  the  Universe 
creates  nothing  in  vain ;  that  His  works  all  harmonize  to 
blessings  unbounded  by  the  mightiest  or  the  most  minute  of 
His  creatures ;  and  that  the  more  our  knowledge  is  increas- 
ed, and  our  powers  of  observation  are  enlarged,  the  more 
exalted  will  be  our  conception  of  His  wondrous  worts  ! 
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flcHIlmiofVfgeiiiblia.  38.Fo«UPUinl»orilieCoiil.  W.  EquiMcUdfoui  PlaiiH.  ». 
ranSFena.  X.  SflUtdi.   K.  mitmutt.   ».  Le]>)do(l«iKlrop,  39.  CoDlff rou  Treu 

1,  Intkobpctoet. — From  the  contemplation  of  the  changoa 
produced  on  the  earth's  surface  by  the  ageocy  of  minute 
beings  whose  nature  and  economy  are  known  only  to  the  in- 
structed observer,  we  resume  the  geological  argument  from 
which  we  haye  for  a  while  digressed,  and  enter  upon  the  ei- 
amination  of  the  series  of  strata  deposited  during  the  period 
immediately  antecedent  to  the  Permian  formation  describeti 
in  the  fifth  Lecture. 

The  Carboniferous  »erieg,  so  named  from  its  comprising  the 
principal  deposits  of  mineral  fuel,  consists,  in  England,  of  s 
great  triple  formation  o^  1st  (lowest),  a  group  of  calcareous 
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Btrata,  locally  interbedded  with  shales,  BimdetoDefl,  ironstone, 

aBdcoalybed8(Mouiitaiii-limefltone);  2nd,  a  group  of  gritty 
and  sandy  beds,  alfio  with  some  coal  (Millstone -grit)  ;  8rd, 
an  argillaceouB  and  sandy  group,  with  little  limeetone,  hut 
much  ironstone  and  hitumiuous  shale,  and  with  numerouii 
intercalated  seams  and  thick  beds  of  the  carbonized  vegetable 
matter  termed  Coal.*  Independently  of  the  interest  attach- 
ed to  these  deposits  &om  the  immense  accumulation  of  fossil 
plants  of  which  many  of  them  are  wholly  composed,  this 
series  involves  the  consideration  of  some  very  remarkable 
geological  phenomena ;  for  the  manner  in  which  such  ex- 
tensive layers  of  carbonized  vegetable  siibatances  (like  the 
intercalated  masses  of  rock-salt  in  the  red  marls  of  the  Trias, 
p.  541),  unmiied  with  extraneous  matter,  were  produced,  is 
a  problem  difficult  of  solution,  under  certain  conditions  in 
which  it  is  presented  to  our  eiamination.  The  deposition  of 
coal  appears,  as  we  shall  presently  show,  to  have  taken  place 
under  various  circumstances  ;  the  coal  being  in  some  cases 
associated  with  fresh-water,  and  in  others  with  marine  or- 
ganic remains. 

But,  though  from  the  vast  importance  of  mineral  fuel  in 
an  economical  point  of  view  to  nations  in  an  advanced  state 
of  civilization,  and  the  botanical  interest  with  which  such 
extensive  natural  herbaria  of  the  palaeozoic  ages  are  in- 
vested, the  coal  is  generally  regarded  as  constituting  the 
essential  feature  of  this  epoch,  yet  it  would  be  more  philo- 
sophical to  consider  these  intercalations  of  carbonized  veget- 
ables, like  beds  of  sheila,  &c.,  as  extraneous  and  accidental. 
We  have  already  seen,  that  the  formation  of  coal  was  not 

•  In  the  Crystal  Palace  Gardens  has  been  conaliucted  a  section  of  the 
coal-meaaures,  the  natiiral  rocks  heing  used  as  the  const ituenta.  In 
Germany.  Dr.  Beinert  has  formed,  in  hU  beautiful  gardens  at  Charlotten- 
briinn.  a  highly  ioteiesting  artiflcial  secUon  of  the  coal-beds,  -with  Rne 
specimens  of  the  fossil  plants  in  place;  and  Pror.  Goeppcrt  has  erected 
a  still  larger  section  in  the  Royal  Botanic  Gardens  at  Breslau.  See  M. 
K.  Goepperl'a  Det  Kiinigl.  Botan.  Garten  der  Unit.  Bteslau,  8to,  IW?, 
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confined  to  the  c&rboniferons  eyatem ;  **  but  that  beds  of  this 
BubatAQce  (under  the  various  tbrma  of  peat,  browu-coal,  lig- 
nite, jet,  pitch-coal,  canuel-coal,  bituminouB  Bbole,  elate-cod, 
anthracite,  glance>coal,  and  conunon  coal)  have  been  and 
will  be  produced,  wherever  trees  and  plants  are  accumulated 
in  sufficient  quantity  and  under  the  requisite  conditions. 

The  peculiar  types  of  v^^table  organization  comprised 
in  the  flora  of  this  period  Affcari  the  only  distinguishing 
characters  of  the  beds  of  coal  interpolated  in  the  strata 
that  were  deposited  during  the  ages  intervening  between 
the  close  of  the  Devonian  epoch  aud  the  commencement  of 
the  Permian.f 

The  strata  comprised  in  the  Carboniferous  series  form 
two  natural  groups,  as  shown  in  the  fallowing  table  ;  and  I 
propose  to  consider,  in  the  first  place,  the  general  festures  of 
the  deposits,  and  their  geographical  distribution ;  secondly, 
the  nature  and  formation  of  coal,  and  the  characters  of  the 
fossil  plants  of  which  it  is  composed  ;  and,  lastly,  to  notice 
the  animal  remains,  and  take  a  retrospective  view  of  the  suc- 
cessive floras  which  have  prfrailed  on  the  surface  of  the 
earth  during  the  periods  embraced  by  our  geologic^  in- 
vestigations. 

2.  The  Cabbosiferocs  Sebibb. — Though  in  England 
simply  divisible  .into  a  threefold  series  of  (»lcareouB,  aren- 

■  See  Dr.  F.  Senft'g  "  Clauiflciitiaa  and  Besdueibung  der  FelButen.'* 
8td,  1BS7 :  &lBo  Dr.  Geiniu's  "  Sleinkohlen-Fointition  iii  Sachsen,"  fol. 
1856.  A  reBume  of  Ibe  Uller  of  these  valuable  works  is  given  bj'  Col. 
Poitlock  in  his  Fceaidential  Addreu  M  the  Geological  Society  ui  1657 
{p.  cixT.).    See  aim  Sir  H.  Murchiaon's  "  Siluri«." 

t  See  remarks  on  the  Coal  of  (he  Oolite,  p.  513;  of  the  Wealden, 
p.  405;  oftlieTeiliary.p.  383;  aud  in  pe&t,  p.  66,  It  should  beiemem- 
beied  that  coal  occuis  a^o  in  the  Cretaceous  Series  (in  Saioay  and  else- 
where), in  the  Oolitic  snd  Liaasic  series  (at  Boll  in  Wirtemberg,  at  See- 
feld  in  the  Tyrol,  and  at  Walgau  in  BaTaria,  and  in  Bonat,  &•:.),  in  the 
Triassic  eeries  of  Germany,  and  in  the  Permian  series  of  Saxony  ;  also 
occasionally  In  the  DeToniaa  series :  Dor  are  Ihe  Silurian  and  CambrL-in, 
and  even  the  bypogene  rocks,  without  their  carbonaceous  content  <■ 
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aceoua,  and  argillaceous  beds,  the  CArboniferous  system,  eren 
in  the  British  Islands,  becomes  far  more  cotDplicat«d  in  the 
details  of  its  stratification.  In  Ireland  it  commences  with 
an  important  dirision,  comprising  sandy  and  shaly  beds 
"  (Tellow  Sandstone "  •  and  "  Carboniferous  Slate,"  of 
Griffith),  2000  feet  thick  ;  and  the  limestone  itself  (5000 
feet  thick)  is  there  separable  into  three  great  divisions.  In 
the  west«m  counties  of  England,  and  in  South  Wales,  these 
lowest  sand  stones,  shales,  and  tbin  limestones  are  represented 
by  from  100  .to  nearly  600  feet  of  laminated  beds,  with  marine 
shells,  fishes,  and  terrestrial  plants  ;  and  in  Fifeshire  there 
is  a  thickness  of  1500  feet  of  equivalent  beds.  In  its  exten- 
sion northward  of  Derbyshire  the  Mountain-  or  Scar-lime- 
stone becomes  more  and  more  interstrati  fied,  in  its  higher 
portion,  with  sbaly  beds  ;  and  in  the  northern  counties  and  in 
Scotland  the  great  bulk  of  this  characteristic  limestone-form- 
ation is  not  only  replaced  by  clays,  sands,  and  calcareous 
shales,  but  these  are  intercalated  with  numerous  coal-beds, 
often  of  considerable  thickness  ;  thus  forming  an  important 
series  of  lower  coal-measurea,  the  representatives  of  which 
eiiat  also  in  Europe  and  in  Nova  Scotia.  The  following  ta- 
bular arrangement  exhibits  the  lithological  characters  and  re- 
lations of  the  carboniferous  deposits. 

'  Brit.  Assoc  Report,  1852.  Sect.  p.  43.  The  "  Yellow  Sandstone  " 
is  correlated  by  Godwin-Auslen  (Geol.  Quart.  Joura.  vol.  ii,  p.  244) 
with  the  Pllton  and  Pethemin  beda  of  North  Devon,  and  referred  by  him, 
vilh  the  Yellow  SoJidatoneB  uf  the  Boulonnaia  and  the  Cypridina-schists 
of  Germany,  to  the  Upper  Devonian.  To  thia  member  of  the  PaliBOioic 
■eries  Sedgwick  has  also  proTLsionally  referred  it  (Phil.  Hag.  1B54,  voL 
viii.  p.  3G4,  and  Geol.  Joum.  toI.  viii.  p.  8).  Dr.  Sharps,  however,  in- 
clined to  (he  collocation  of  the  Petherwin  group  with  the  Carboniferous 
aystem  (Geol.  Quart.  Joum.  vol.  ii.  p.  247).  It  may  therefore  be  said 
of  these  beds  of  passage  from  the  Devonian  to  the  Carboniferous  system, 
aa  of  the  transitional  beds  between  the  Silurian  and  Devonian,  the  Car- 
bonifernus  and  Permian,  the  Trias  and  Lias,  the  Lias  and  Oolite,  &o., 
(hut  much  exact  obaervation  hai  atill  to  be  made  in  these  mid  other 
closely  related  ii 
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(Upper  coal- 
meaiuies.) 
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1.  CoAt>K»nmBS ;  — diTtoib1«  *  into  Dpper, 
UhMIs,  ud  Lover  <iir  ••  GuiaWr  ")  uiicB. 
Grit,  uaditoM,  ud  «tMla  or  ctay,  with  ■&• 
merout  beJs  of  coal;  irooEtone,  in  no- 
dulei  and  itr^ulu't;  stratified ;  and  occa- 
fdonal  intercalations  of  limestone-band*. 
Possil  reptilB«  and  tlahw ;  molluscs  (chiefly 
freshwater),   annelids,   iasects,   and    crua- 

TUcluieaa  upward)  of  4000  feet  in  aome 
disLricta  of  England. 

2.  UiLUTONE-OKir-^-Coarse  quartiose  wnd- 
iloiw,  passing  into  grit  and  con^omerate, 
OBod  tor  miUttones  (heace  Hie  geologka] 
teiai),  wi(A  sbaleB  and  MuidstoDes ;  conlais- 
ing  tlie  Inuls  of  mt^usca  and  annelids,  rar« 
traces  of  reptiles,  and  inleiaperaions  of  foaail 
plants  and  vegetable  matter,  and  sameliinei 
layers  of  coal.    Thickness  about  800  feel. 

3.  UrrBB   LiMEaroKB^uALBB  or  Yokbdils 
of 
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moontain- 
limeetone 
group.) 


i  with  some  cbert,  rot^eo- 
,  bitumen,  and  coal ;  marine 
'1,  OrlAocsrai,  Productia,  and 

Potidotumya  i  EnerinOea,  &c.)  ;    thickoest 

a^ut  500  feet. 

4.    HoUNT&IM-LtinVroHBraSCAB-UMBSTOHC. 

--A.  series,  upwards  of  1000  feet  in  thicluieaa, 
of  maasiTe  limealones,  shales,  and  Qagstones, 
-with  dolomite,  bitumen,  totten-stone,  chert, 
galena,  and  iron-ore;  corals,  crinoids,  and 
marine  shells  in  profusion,  and  some  tri- 
lobites,  Beds  of  marble  whollj'  made  up 
of  petrified  zoophjtea  or  of  crinoids.  This 
group  is  deToid  of  coal  in  South-western 
and  Central  EnglaDd;but  the  mountain-lime- 
stone of  Westmoreland,  Northumberland. 
Fireshire,and  some  parti  of  Europe  and  North 
America,  contains  extensive  coal-beds,  with 
occasional  tracks  of  reptiles. 


*  In  the  noutbem  coal-fields  two 
ctuson's  "Silurian  System,"  chnp.  G. 


divit 


apparent :  Jlur- 
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i.    LOWU     LlNBITDNB-iaAJ.B.  —  AllciiutioB 

■lules,  wndiUaiea,  lod  iimeeUiaeB ;  vitli  po- 
■idgooBiya,  orlhia,  and  spirifer;  (bundsnce 
aCGsh-iemaiiiBiCDprolites,  andcyptidK;  ani 
(ODieromunaofplants,  About4(X)  feet  thick. 

S.  Twt  CoAL-UBUiTBES.  — 1%«  tntamiooiM  mibstanee 
termed  oobI  is  simply  vegetable  matter  sltei^  hj  chemical 
changes,  wbich  will  hereafW  be  coiuidered.  It  occurs  in 
beda  that  vary  from  a  few  inches  to  a  fathom  or  more  in 
thickneea,  and  are  interposed  between  strata  of  shale,  claj, 
micaceous  sandstone,  linestone,  and  ironstone ;  alteroationa 
of  this  kind,  occupying  circomscrihed  areas,  are  termed  eoal- 
baiins.  Mr.  Bakewell  observes  that  the  strata  thus  disposed 
may  be  imitated  by  a  series  of  mttssel-ahella  or  saucers  placed 
one  within  the  other,  aud  having  layers  of  clay  interposed.  If 
one  side  ctf  the  ames  be  raised  to  indicate  the  general  rise  of 
the  strata  in  tbat  direction,  and  the  wb<^e  be  dislocated  by 
cracks,  the  geueral  arrangement  of  the  beds  and  the  displace 
menta  which  tbey  have  undergone  will  be  represented  ;  each 
shell  repreeentitig  a  bed  of  coaJ,  and  the  pupations  of  clay 
imitating  the  earthy  strata  which  separate  the  earbimaceoua 
layers. 

It  is  the  association  of  iron-ore  with  the  limestone  that 
serves  as  a  flux,  and  with  the  mineral  fuel  required  for  the 
Teduction  of  the  ore  into  a  metallic  sti^  that  has  given  rise 
to  the  numermiB  iron-foundries  established  over  the  sites  of 
our  principal  ooal-fields.  The  usual  characters  of  a  Ceal- 
Jlt^,  as  a  series  of  strata  of  this  kind  is  termed,  are  shown 
in  the  section  of  that  of  South  Gloucestershire  (iiy«.  124, 
p.  S22),  Here  we  perceive  that  the  Devonian  or  Old  Bed 
Sandstone  haa  been  elevated  into  a  positkm  almost  vertical, 
and  that  the  Mountain-Umettone,  which  lies  immediately 
upon  it,  partakes  of  the  same  inclination.  This  is  succeeded 
by  conformable  beds  o£  MUlntone-ffril,  which  are  followed  by 
alternations  of  Coal  and  shales ;  the  Permian  and  Triasiio 
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bed$,  the  Ziat,  and  Inferior  Oolite  (3,  4,  and  5)  are  aeen 
above  in  an  unconformable  position.  The  MtmntaiO'lifae- 
atone  and  MilUtone-grit  (1,  2)  aleo  appear  on  the  opposite 
flank  of  the  elevated  ridge  of  the  Mendipa.  The  chrono- 
logical order  of  the  deposits  exhibited  in  this  section,  that 
is,  the  Bncc«BHion  according  to  their  original  position  before 
they  had  suffered  displacement,  ia  aa  follows  :  immediatelj 
OTerlfing  the  lowermost  or  most  ancient,  the  Devonian 
atrata  of  the  Mendip  Hills,  we  have  —  1,  Mountain-lime- 
atone.-^ — 2.  Millatone-grit ;  upon  this  are  alternationa  of 
Coal,  shale,  and  grit. — 3.  Permian  and  Xew  E«d  Sandstones. 
—4.  Liaa.— 6.  Inferior. Oohto.— 6.  Great  Oolite.— 7.  Ox- 
ford Clay,  south  of  Malmesbury. 

The  term  bona,  applied  to  these  accumulatiooB  of  carbotuferaua  strata, 
must  be  lalceii  in  n  general  sense  ;  for,  though  some  of  these  groups  of 
depoails  may  haie  been  formed  in  circamscHbed  depressions,  it  is  evident 
that,  in  general,  the  beds  hare  originally  eitended  over  laife  areas,  and 
that  their  present  isolated  position  and  conSned  limits  are  attributable  to 
subsequent  elevations  and  depressions  by  which  the  "  faulta  "  or  disloca- 
tioos  of  the  coal  and  associated  strata  of  the  locks  on  which  they  re- 
pose have  been  produced.  Eilensive  denudations  have  completed  the 
separation  of  tbe  coal-baains. 

Of  the  Euglish  coal-fields,  those  of  Nevcastle,  Durham,  Yorkshire, 
Lancashire,  Flintshire,  Cheshire,  Derby,  Nottinghamshire,  Leicester- 
shire, and  Warwickshire  have  many  features  in  common;  those  of  South 
Staffordshire  and  Worcestershire  are  related  more  nearly  to  each  other 
than  to  the  other  coal-Selda;  and  those  of  Glamorganshire,  Monmoulh- 
shire,  Gloucesterabire,  end  Somerset  form  another  allied  group.*  The 
coal-measures  of  the  northern  counties  are  divisible  into  a  triple  series — 
Upper,  middle,  and  lower)  tb«  last,  also  known  as  the  "  Canister  aeries," 
contains  in  Yorkshire  a  single  shale-bed  of  marine  origin,  with  Goniatile; 
Foiid(momyiT,  and  fishes.  Other  instances  of  the  irruption  of  sea-waters 
into  the  generally  fresh-water  area  of  the  coal- measures, — the  last  efforts, 
ts  it  were,  of  the  old  carboniferous  ocean  to  regain  possession  of  the 

■  Phillips'  "  Manual  of  Geology,"  \.8bb.  Both  this  valuable  element- 
ary work  and  Prof.  Ansted's  "Elementary  Course  of  Geology,"  1856, 
eontoia  particulars  of  the  teUtive  extent  of  the  English  coal-fields,  and  of 
the  thicknesa  and  character  of  their  respective  coal-bed*. 


jii...i^,Coog[e 


COAL-FIELD  OF  DEBBTSBIBZ. 


*.  CoAir-FiiLS  OF  Desbtbhibe. — The  DerbjBhire  Coal- 
field will  serve  as  a  type  of  the  English  serieB. 

The  ttrala  of  CarbonifeiouBLimmtoDe  which  form  the  (rand  mountaia- 
chains  of  Derbyahire  decline  (awards  Iheeaateni  lidaofthe  couniy,  and 
■ink  benralh  the  Coil-measiiTes.  Immediatalj'  upon  (ha  limcatoiie  are 
bcda  of  catcareoui  slate  oi  shale,  about  four  or  five  fset  in  thickness' 
(known  M  the  "  Limeetona-shale,"  and  equivalent  to  the  Yoredite  locki 
of  Yorkahiie),  intercalated  with  grit-etones,  and  about  four  or  five  hun- 
dred feet  in  thickness.  This  series  of  alternating  beds,  compact  and 
tott,  coarse  and  fine,  many  of  which  readily  disintegrale  from  weather- 
action,  (bml  (be  exposed  bee  of  Mam  Tor,  or  the  "  shivering  moun- 
tain,"  near  Cailleton.  They  are  succeeded  by  a  mass  of  grit,  or  con- 
glomerate, with  vq^table  remains,  which  ii  worked  form  ill -slonea.  Above 
the  Hillilone-grit  are  the  regular  Coal-strata,  comprising  aandstonea  of 
various  qualitiea,  and  often  in  exceedingly  thin  lamins,  —  indurated 
day-beds, — iron-atones,  the  noduin  of  which  conlain  organic  remains, — 
and  softer  argillaceous  beds,  which,  being  ofa  staly  structnre,  are  called 
ihaltt.  Two  of  the  layers  of  clay,  termed  muMiel-bind,  abound  in  biialie 
sheila,  somewhat  resembling  fresh-waler  mussel-shells,  but  of  eilinct 
types  of  forms.  The  total  thickness  is  1310  yards,  which  includes  thirty 
different  beds  of  cosl,  Taiying  from  six  inches  to  eleven  feet,  and  making 
the  amonct  of  coal  about  twenty-six  yards.  In  the  ahales  below  the 
coal  (here  is  a  transition  from  calcaieoua  strata,  with  marine  animal  re- 
mains, to  fresh-water  mud-deposits,  with  leTreatrial  vegetables  ;  this  may 
have  originated  from  occasional  intrusiona  of  freshets  from  a  river. 

The  series  above  enumerated  is  often  repeated ;  shales,  cliys,  and 
sandstones  occurrinn  under  different  beds  of  coal,  with  a  great  aimilarity 
in  tho  succession  and  thickness  of  each.  Interruptions  to  the  continuity 
of  the  beds,  f^m  cracks  and  fissures  which  have  (sken  place  since  the 
original  depoaition  of  the  strata,  are  everywhere  apparent.  Dikes  or  in- 
tmwons  of  exlmneous  mineral  matter  are  of  frequent  occurrence,  separ> 
a'ing  the  strata  by  vertical  walls,  which  are  from  a  few  inclles  to  many 
yards  in  thickness.  These  eitraneons  masses  sometimes  consist  of  in- 
durated clay,  but  more  commnnly  of  the  ancient  volcanic  rcfck  termed 
batalt  or  In^. 

5.  CoA^BBOOE  Dale. — In  Shropshire  the  carboniferous 
strata  are  exposed  over  Beveral  detached  areas.* 

*  Consult  Sir  E,  I,  Murchison's  admirable  description  of  the  Car- 
boniferous System  ;   "  Silurian  System,"  chap.  vi. 
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Nau  Sbmribiirr  th«  ookl-beda  in  anoci>t«d  with  limcsteB*,  of  fVeah- 

WKter  or  estnir]' («igin,uid  coDtuning  minute  nlomoatnca  (Cypndc), 
■imelida  {Strpulaj,*  ihelli  (lel&ted  ■ppareuUy  to  Modiola  and  (7nto),-t- 
ind  Gdie*.  But  the  nioat  importuit  uid  producLWe  caiboniferoiu  tract 
in  Sbiopahirs  ii  CoalbnxA  Date,  irhich  U  sitiuted  on  the  eut  ^e  of  the 
nnga  of  roeki  fonning  tlw  Wrdin  and  Wmlock  Edge,  tha  eoal-stntn 
being  snpecpoaed  on  mooBtain-limestoDe ;  it  nmtains  beda  and  nodalem 
of  iron-atone,  mcloaiog  organic  remaina.  Thia  coal-field  X  ia  Teteu-kafats 
'  Ibi  the  dislocated  and  ahaltered  conditbou  of  the  strata,  asd  the  intnuioa 
of  vulcanin  locki ;  the  latter  do  not  appear  as  dikca  oi  reina,  in  the  fia- 
tarea  of  the  beda,  bnt  Hae  up  in  mounda  or  prutaberances.  The  vails  of 
the  fiaaurei  are  in  Borne  inelancea  aeveial  yards  apart,  the  intenaia  being 
filled  with  debris.  Strata  containing  marine  sheila  alternate  with  oth«a 
abounding  in  freah-water  ahells  and  land-planta,  aa  in  Detbjshire.  These 
e  that  these  coal-measDres  were  deposited  in  an  eattiary. 


lubject  to  occaaional  freahels  from  a  coonderabla  met ;  the  frequent 
allemations  of  coarse  BaDdslones  and  conglomerates  with  beds  of  clay  and 
ihele.  containing  the  remains  or  the  plants  Invugtat  down  by  the  river, 
•upport  this  opinion.  The  strata  forming  this  curbonifennu  aeiiea  con- 
aiM  of  qnartzose  sandilone,  indurated  clay,  alile-clay,  and  coal.  A  pit 
■nnk  in  Madriy  colliery,  to  a  depth  of  730  feet,  passed  through  cighly<aix 
beda  of  alternating  qoaitioee  sandstone,  claystone  porphyry,  coal,  and 
indnrsted  chty  eontaimcg  nodules  of  ai^illaceous  ironstone.     The  saad- 

*  These  little  Serputa  have  been  described  as  planorboid  molluscs,  un- 
der the  name  of  Mitreccmelivt ;  bnt  there  ia  no  doubt  of  their  being  ttne 
Serpulffi,  aa  pointed  out  by  Mr.  E.  W.  Binney  (Memoirs  Phil.  800. 
Manchester,  vol.  i.  p.  196).  They  are  frequently  alUched  to  TegeUble 
fragments.  In  Nova  Scotia  these  little  annelids  occur  plentifnliy  imder 
the  same  conditions  ;  indicating;  in  some  instances  the  dritUng  of  plant* 
in  «ea-wa1er,  and  in  others  the  advance  of  estuarino  waters  over  aub- 
tneiged  Juogles.  A  similar  form  is  found  on  the  foswl  phots  of  the 
Mountain-UmeatoQe  of  Northumberland  (G.  Tate,  Flora  M.  L.  pi.  ziii, 
fig.  6),  and  on  the  marine  shells  in  the  coal-measures  of  Coalbroolc  Dale 
(Geol.  Trans.  2nd  ser.  vol.  v.  pi.  40,  figs.  1, 3,  b),  and  also  attached  to  the 
fossil  ahella  and  cords  in  the  Devauiaa  rocks  of  Russia  and  the  Eifel 
^Spirarbii  ompAotoln,  Goldfuss). 

t  Probably  Mi/alirta  and  Anthratoiia,  of  King.  Such  «S  these  OCctU 
also  m  the  coal-measures  at  the  Joggins  in  Nova  Scotia,  Quart.  Joam. 
Geol.  Soc.  vol.  I.  p.  12  and  p.  39.  Sga.  22—25. 

t  See  a  highly  interesting  memoir  on  this  coal-field,  by  Mr.  Freal- 
wich, Geol. Transact. Indser.  vol. V. p. 413;  also  Hurohison'a  "Silurian 
System,"  chap.  viL 
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stoiiM  of  Coallirook  Pale  m  Roe-gnioei  mi  mioceoiu  i  and  some  beds 
are  peoettftted  by  petroleum,  which  nt  Coilport  escapes  from  the  anrfne^ 
in  a  tar-spring ;  bitumeD  also  occurs  in  aoitie  of  the  shales.  Plants, 
ehelta,  and  cmstaceuiB  *  sie  abiuiduit  in  the  shale  and  iron-stons  no- 
dules ;  and  the  remuns  of  tnsecis  nre  sometimea  mat  with.f 

6,  Nathrj  or  CoAji-DBPOflirB,— Tbia  brief  notice  of  two 
of  th«  British  cotU-fielda  will  Krve  to  coDtey  a  general  i4e« 
of  the  stratA  of  which  a  coal-hasin  coQsiats.}  But  it  ia 
neceaBary  to  enter  more  particularly  on  the  nature  and  ar- 
rangement of  the  beds  of  coal,  and  their  associated  deposits ; 
for,  though  many  accumulations  of  carhoniferoua  rocks  have 
manifestly  been  formed  by  different  and  local  agencies,  the 
grand  eerie*  of  ancient  coal'meaaures,  setting  aside  uoim* 
portant  discrepancies,  pr«sent  a  remarkable  unifonnity  of 
character,  not  only  throughout  Great  Britain  and  Europe, 
but  also  in  most  other  narta  of  the  world.§ 

*  Both  CnaidiTomi  and  Limnlus-like  Gnlonioit»cuu.  Freatwich, 
1m.  eit.  pi.  41. 

t  Hedats  of  Creation,  toI.  ii.  p.  554. 

J  In  a  little  inotiymouB  voik,  entitled  "  Our  Coal  and  Our  Coal-pit*," 
published  in  1853  (Longman),  the  reader  vill  find  4  vast  dealof  g^Ktd  ia« 
formation  nbouC  ooal-scame  and  coal-pita,  «uch.  ai  certainly  has  not  been 
tuoi^t  together  in  any  other  Tork,  but  which  is  (if  interest  and  tkIuq 
both  to  Che  geological  and  the  general  student. 

I  The  TariQus  Memoiii  on  the  Biitish  Coal-fielda  iq  the  Geological 
Society's  TTanwcUmM  and  Jaunil.  in  the  Heports  □(  the  British  Aasodi 
^tioii,  and  in  the  Transactions  of  the  Xorthumberland,  Manchester,  and 
olbei  Societiet,  by  some  of  our  most  eminent  obaerrera ;  and  in  Om 
tiorlci  of  Lindley  and  Hulton,  Holmes,  Mammatt,  Mulhat,  D.  Mila«, 
Ribbert,  Bakewell,  Conybeara,  Aasied,  Phillips,  LyelU  De  U  Becha, 
Buckland,  Murchison,  and  othar*.  vill  affoid  tbose  who  wish  to  pursQC 
the  inquiry,  information  of  (he  most  ini|)ort«nt  and  iDtecesting  nature. 
The  Coal-&elda  of  Ireland  hare  been  described  by  WeaTer,  Griffith,  an4 
Fmtlock-  "TbeAnnalea  des  Mines"  and  "Bulletin  Soc  O£ol.  France" 
are  rich  with  notices  of  the  Belgian  and  French  coats ;  and  Godwin-Aui- 
ten  and  Sharpa  have  also  treated  of  the  Boulonnaia  and  Belgian  Coal- 
fields in  the  Geol.  Soc.  Journal,  to  the  12th  vol,  of  which  MM-  Pe- 
gunseeand  LanrenthfTacontiibutcda  ratuable  notice  of  llieValeiuJeiiDet 


..Goi.gic 


680  THE  WOlTDERa  OF  OEOLOOT.  Lmi  Vn. 

We  hare  seen  tbat  the  etrata  conHtituting  a  cod-field  are 
aLternatiug  lajera  of  coal,  clay,  ebale,  aod  Band,  of  variable 
thickneae,  uauallf  based  either  oa  grit,  or  on  limestone 
abounding  in  marine  ebella  and  corals.  Now,  a  very  remark- 
able fact  ia  the  nearly  luiform  presence  of  an  often  thick  bed 
of  earthy  clay  beneath  every  layer  of  coal,  and  a  atratum  of 
alaty  clay  or  shale  above  it ;  together  forming  a  triple  series, 
presenting  the  following  characters : — 

(1.)  Lowennost ; — a  (tratum  of  cU;,  called,  tnm  its  position,  (he 
Vhdir-clai/ i  a  lough  argJlUceouB  substancs,  Which  upon  drying  becomes 
■  grey  friable  earth.  Occasioiiallj  this  cla;  is  of  a  black  colour  from  the 
presence  of  caibouaceous  matter.  This  bed  almost  invariably  contains 
An  abandance  of  the  fossil  vegetables  termed  Sft^maru,* -which  aie  root- 
like  bodies,  g«nerall]r  of  cousidenible  length,  and  have  lootieta  or  libres 
altsched,  wbicheitend  tn  ever;  direction  through  the  clay.  These  great 
roots  commonly  lie  parallel  with  the  planes  of  the  gtralum,  and  nearei  to 
the  top  than  to  the  bottom. 

(2.)  Coal.  A  carbonized  mass,  in  which  both  the  eitemal  forms  and 
internal  structure  of  the  plants  and  trees  compoaing  it  are  alroDsI  entirely 


Coal-basin.  Naumann,  Hoffmann,  Sternberg,  Villefoase,  lUemer,  Dechen, 
Herzog,  Gutbier,  Frelealeben,  Leonhard,  Cotta,  Geinitz,  GiEppert,  and 
Beinert  are  chief  among  those  who  have  treated  of  the  Coal-tields  of  Ger- 
many. The  coal  of  Russia  is  described  io  full  by  De  Vemeuil,  K.eyser- 
Ung,  and  Hurchison. 

A  long  series  of  papers  baring  reference  lo  the  Coal-fields  of  New 
Bnmswick  and  Notb  Scotia,  published  in  the  Proceedings  and  Quarterly 
Journal  of  the  Geological  Society,  are  enumerated  in  an  appendii  to  Mr. 
Dawson's  very  inatmctiTe  account  of  the  Jogfrins  Coal-moaaures  in  the 
10th  vol.  of  the  Geol.  Society's  Journal  (p.  41).  The  "Acadian  Ge- 
ology," by  the  same  author,  is  also  an  imporlaut  work  in  the  literature  of 
the  coal.  Mr.  W.  R.  Johnson's  "  Beport  on  American  Coals,"  1844,  and 
especially  the  late  R.  C.  Taylor's  valuable  "  Statistics  of  Coal,"  should 
be  consulted  by  the  student,  where  abundant  references  to  books  and 
papers  treating  of  British,  European,  American,  African,  Asiatic,  and 
Australian  coals  will  be  fonnd. 

*  See  the  description  of  coal-plants  fbrUier  on ;  also  Medals  of  Crea- 
tion, p.  133;  Pict.  Atlas,  Org.  Rem.  pi.  3,  Jig.  1,  and  plates  '21—23; 
and  the  Supplementary  Note?,  Pict.  AUas,  p.  198. 
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obliternted,  though  trace*  of  woody  tinue  ure  obserraUe.  Large  banlu, 
stems,  uid  lesvei  are  rarely  dlBlinguuhabls  in  it. 

(3.)  Tht  Roof,  01  uppei  bed.  This  generally  ctntrisU  of  alaty  clay, 
abounding  in  trunlig,  biancbes.  leavea,  and  fruits ;  it  also  jncludeB  layers 
and  nodules  of  iron-itone,  enclosing  leaves,  insects,  CnuCaceans,  &c.  In 
some  localities  argillaceotis  or  calcareoua  beds  of  frMh-irater  shells,  and 
in  Dthen  of  roaiine  sheila,  are  intercalated ;  and  Isyeis  of  ahate,  fiuely 
Iftoiinated  clay,  micaceous  sand  atid  grit,  and  pebbles  of  limeatoce,  gr&nite, 
sand-Blone,  and  other  rocks  often  occur.  Pebbles  of  iron-stone,  and  even 
of  coal,  derived  from  the  destruction  of  older  iron-stones  and  cosl-beds, 
have  been  found  in  coal-seams.  Some  of  the  most  illostistive  speci- 
mena  of  the  leaves,  fruits,  Ac.  of  the  caiboDifsrouB  flora  are  found  in 
these  shalea  snd  sandy  beds,  which  appear  to  have  been  the  sccumula- 
tioDB  of  ivatcr-ivom  detritus  of  other  rucks,  promiscuously  inteiiningled 
witli  tlie  demie  folisge  sad  stems  of  proatrate  forests  ;  the  whole  having 
been  drifted  Irom  a  distance  by  strong  currents  or  floods,  proving  that 
conaiderable  time  elapsed  during  the  formation  of  these  coal-measures, — 
Rifflcient  indeed  for  the  consolidation  and  denudatjon  [and  possibly  up- 
heaval also)  of  one  set  of  deposits  before  the  later  beds  were  formed.* 
The  evidences  of  the  partial  removal  of  coal-seams,  shales,  and  sand-beds, 
in  the  coal-messures,  point  also  to  the  length  snd  many  changes  in  the 
coal-era.  t 

7.  Mode  oe  DEPOsinoK  oe  xh£  Coal. — Thns  we  find, 
in  the  first  place,  spread  uniformly  over  tbe  bottom,  and 
conetituting  the  foundation  on  which  the  coal  reposes,  a 
atratum  of  fine  clay  (under-clay),  BometimeB  several  feet 
thick,  which  poBsibly  may  have  once  constituted  the  soil  of 
vast  plains  or  savaanaha.  Almost  the  only  fossil  remains 
found  in  it,  except  in  a  few  localities,  are  the  roots  of  the 
large  trees  of  which  the  coal  is  in  a  great  measure  composed ; 
for  such  the  common  Stigmaria  now  prove  to  be,  and  not 
floating  aquatic  plants,  aa  was  formerly  supposed.  The  in- 
Tariable  occurrence  of  the  fossil  roots,  termed  Sti^arim,  in 
the  under-elay,  and  their  rarity  in  the  coal  and  shale,  was 
noticed  by  Martin  {Petrif.  Derhientia),  Steinhauer,  Maccul- 

■  See  Do  la  Becbe's  Geol.  Observ.  2nd  edit.  p.  fill, 
t  Ihid.  p.  514  ;  and  Quart.  Joum.  Geol.  Soc.  vol.  vi.  p.  124 ;  vol.  vii. 
p.  1i%;  and  vol,  x.  p.  12.    Bep.  Brit.  Abboc.  1838,  Seel.  p.  79. 


.,  Google 


682  THS  HOXSEKS  OF  QBQLOGT.  IdOT.  Til, 

loeb,  and  other  obierrers:  but  the  importance  of  this  fketww 
not  duly  appreciated  until  LoguL  drew  attention  to  it.  In  the 
Welsh  coal-field,  in  a  depth  of  twelve  thousand  feet,  there 
are  sixty  beds  of  coal,  each  lying  on  a  stratum  of  day  abound 
mg  in  Stigmarin.  In  the  Appalachian  coal-field  of  the 
United  States,  and  in  the  well-eipowd  coBBt-aections  of  the 
Goal-formation  in  Nova-Scotia,  the  Bame  phenomenon  a^ 
pears. 

Upon  this  under-clay  is  a  bituminaus  mam  of  indiatin- 
guishable  plaut-renuuns  (Coal).  Occasionally  stems  of  trees 
nre  found  passing  vertically  through  or  lying  in  the  coal-bed. 

In  the  third  place,  we  have  a  deposit  of  drifted  materials 
promiscuously  intermingled  with  the  foliage  and  stems  of 
numerous  kinds  of  terrestrial  plants  (_Iioof)  ;  the  whole 
often  appearing  to  have  been  subjected  to  the  mechanical 
action  of  water,  both  in  its  origin,  and  sometimea  after  its 
first  deposition  as  a  sand  or  mud-bed. 

These  facts  seem  to  indicate  that  a  bed  of  coal  of  this 
kind  may  have  been  either  a  submerged  forest  or  a  swampy 
jungle.  The  undor-elas  was  the  natural  soil  in  which  the 
Stigmarie,  the  roots  of  the  trees  (Sigillarin)  forming  the 
coal  above,  originally  grew ;  the  wal,  the  carbonized  stemfl 
and  foliage  of  the  trees  to  which  the  roots  belonged ;  and 
the  upper  stratam,  or  roof,  may  have  either  resulted  from  de- 
tritus transported  from  a  distance  by  a  debacle  or  flood, 
which  overwhelmed  and  buried  the  foliage  and  stems  of  the 
prostrate  forest,  or  may  have  been  swept  over  it  more  or  lesa 
rapidly  by  the  encroaching  tides  oo  a  low  and  sinking  well- 
forested  coast-line. 

TheM  pbenammi  miy  (Iids  b«  expUined  bj  mpposliig  that  *  pUia, 
(UhscIt  dolhed  with  vegetation,  wu  innndtted  by  hi  Inupljon  of  Iha 
Bet ;  or  orerwhelnied  by  a  flood  of  water  from  an  inland  lake,  occanoDed 
by  the  sudden  removal  of  some  baniet ;  or  by  (be  slow  nibaidence  of  (be 
tract  of  country  on  which  tbe  foreit  or  jungle  grew.  But  when  we  flnd 
an  Dnintemipleil  ssriei,  in  which  triple  ctepoait*  of  thu  kind  are  t«ptttieil 
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tiling  OT  tortj  thacs,  uid  through  k  Ihickneea  of  levenl  IhouasBd  feet, 
this  BolatiOD  of  the  problem,  thaugh  very  plausible,  is  not  without  its 
difficalties.  Not  oa\j  Bubsideiice  ■nersubeidence  niDBt  hiTetakeu  place, 
but  the  first  subme^ence  have  beea  fallowed  eilhei  b;  an  eleTatiou  of 
the  land,  or  a  very  giaduai  reconstitation  of  a  sub-eerial  snc&ce  {  and  Ihen 
anolhEr  soil  capable  ^  affording  vnpport  to  a  second  forest  must  have 
tM^en  produced,  and  another  generalion  of  Tegetables,  of  the  same  specie* 
as  (he  former,  have  spning  up,  and  arrired  at  nulnrit;  :  and  again  an- 
other snbeidence,  followed  by  an  accomulatioD  of  drift.  And  these 
periodical  oscillations  in  the  relatiTe  lerel  of  the  land  and  water,  and  sue- 
oessire  reprodnctioos  of  Tt^table  soil  and  of  foresU,  mu»t  have  gone  on 
unintemiptedlj'  through  ui  incalculably  long  period  of  liioe ;  «ot  in  one 
district  or  country  mly,  but  in  Tuious  parts  of  the  world,  ducing  the 
same  geological  epoch. 

Some  seams  of  coal  attain  an  enormous  thickness.  In  England,  Out 
thickest  bed  of  coal,  amonnling  to  thirty  feet,  is  in  tbe  Dudley  basin.  In 
the  Oreat  Bihibition  of  1S51,  there  was  exhibited  a  fine  section  of  Ibe 
lowennost  bed  of  coal  (knowu  as  the  "Tlkick  Coal"'),  from  Tividale 
colliery  in  South  Stafibrdsbire,  the  total  thickness  of  which  was  29  feet ; 
with  no  intenniitore  of  sediment  except  some  ehaly  partings,  a  few  inches 
thick.  A  shed  was  erected  for  its  exhibition  on  the  outside  of  the  west- 
and  of  the  Oyslal  Falace ;  beside  it  wwe  placed  soioe  large  atema  of 
Sigillarias. 

"  It  is  not,  boweTer,  to  be  nppoaed,"  says  Piof.  Fhillips,t  "that  this 
enormously  thick  seam  is  a  single  bed  of  coal ;  it  is,  in  fact,  composed  of 
thirteen  different  beds  locally  accumulated  togethei,  with  certain  partings, 
which  in  other  places  swell  out  into  considerable  thicknesses  of  shale. 
Thus  tbe  upper  part  of  the  '  ten-yard  coal '  sepoiatea  from  the  rest  of  the 
beds,  and  under  the  title  of  the  '  flying  reed,'  become*  «  totally  distinct 
bed  in  Ihe  northern  part  of  the  coal-tract."  J 

•  See  jQkes'a  Memoir  on  tbe  Sootb  Stafforddiire  Coal-fleld  (GeoL 
Snn.  Records),  1853,  p,  173,  ]B4.Ac.  This  careful  and  well-illnstrsted 
description  of  a  typical  coal-field  coctains  not  cm)y  the  good  praoticsl 
information  to  be  expected  from  the  labours  of  so  sound  a  gedi^ist  as  Mr. 
Jukes,  but  also  many  valuable  theoretical  su^estions  on  the  origin  of 
ooal  and  the  physical  characters  of  tbe  old  carboniikrona  area. 

t  Manual  Oeol.  p.  193. 

f  Humboldt  refers  alw  to  some  reiy  tUck  coal-seams  in  Scotland 
and  But^ndy,  Cosmo*,  vol,  i.  p.  284,  For  Mr.  Bowman's  views  of  tbe 
probable  circumstances  under  which  separate  et 
Other,  see  Lyell's  "  Manual,"  p.  330. 
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Mr.  Dkwsod  describet  the  "Mnin-cotil  Seam"  of  the  Albion  Mmea 
(New  BniDswick),  a  specimen  of  which  iraa  eitracled  by  Hi.  H.  Poole 
for  Ibe  New  York  Eibibilion,  1853,  u  being  38  feet  6  iochea  thick,  of 
which  ouly  2  ft.  4J  in.  conBiated  of  the  "  roof-shale,"  intercalated  carbona- 
ceous ahale  and  ironstone,  and  "  under-clay.  "  ■ 

In  Bome  districts  (as  in  the  coal-bedi  of  the  Mountain-limeatone  of 
Southern  Russia  and  of  the  North  of  England)  (he  vegetables  of  which 
the  coal  is  formed  apparently  consist  of  broken  and  dri^ed  planta,  carried 
into  the  sea  by  inundalions  and  freshets  of  riven  ;  in  this  case,  the  layers 
of  clnnch  or  Anely  levigated  shale  which  support  the  coal-eeams  may 
have  originated  ftom  the  earthy  debris  brought  down  by  the  floating 
masses  of  terrestrial  plants.f 

8.  The  Gbkat  Dibhai.  Swamp  ox  Tikgimia.  —  The 
formation  of  the  coal-meaaures  from  terreatrial  trees  and 
plante,  not  drifted,  hut  growing  on  the  areas  now  occupied 
by  the  coal,  ia  strongly  advocated  by  Sir  C.  Lyell :  and  the 
following  notes  from  the  observations  of  this  profound  geo- 
logist, on  the  "  Oreal  DUmal  Sicamp"  of  Virginin,  in  North 
Carolina,  afford  an  interesting  iUimtration  of  this  hypotheais. 

The  "  Great  Dismal,"  is  a  morass  forty  miles  long,  and  twenti^-fiTe 
miles  in  its  greatest  width,  and  has  ihe  appearance  of  a  broad  inundated 
river-plain,  covered  with  all  kinds  of  aquatic  trees  and  shrubs,  the  soil 
being  as  black  as  in  a  peat-bog.  It  is  one  enormous  quagmire,  soil 
and  muddy,  except  where   the  surbce  is  rendered  partially  Arm  by  a 

•  Quart,  Joum,  Geol.  Soc.  vol.  i.  p.  47. 

t  Sir  R.  1.  MurchiaoD.— The  following  remarks  of  an  eminent  French 
geologist.  Constant  Frf  vos(,  are  especially  worthy  of  attention  in  relation 
ti>  this  subject : — "  On  n'a  pas  assez  r4fl6chi  lorsque  Ton  a  dit  que  les 
formations  fluvio-marinea  n'itaient  que  des  accidents  locaui  d'embou- 
chure  et  de  golfe ;  on  pourrait  presque  avancer,  sans  paradaxe,  que  Hanr; 
cettaiaes  mera  bord^  de  vastes  continents,  les  eaui  douces  affloenl«t 
produisenl  plus  dans  la  mer,  que  Us  eanx  marines  elles-mfimes.  Le  Mis- 
sisstpi  Gt  sea  Uibutaires  enliveat  au  continent  qu'ils  traversent  plus  de 
matieros  sMimentaiies  et  de  corps  organises,  pour  les  porter  dans  la  mer, 
que  les  vagues  de  oellea-ci  n'en  prennent  sur  tout  le  pourtour  des  deut 
Amfciques  ;  et  Ton  salt,  par  de  joutnaliera  exemples,  que  des  v6g£taux 
apportts  par  co  fleuve,  des  rives  du  Missouri  dang  le  golfe  du  Meiique, 
vont  alletrir  anr  lea  cfilfts  d'Islande,  et  m6me  du  Spitzberg.'" — De  la 
Chronologw  det  Terraint  el  du  Synehronitme  da  FormationM.     1845. 
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carermg  of  Tcgetabira  uiil  their  malted  rood ;  and  ii  actnatlj  h^iei 
than  nearly  all  the  firm  and  dr;  luid  which  encompawea  it;  and,  to 
make  the  anomaly  complete,  in  apile  of  iu  aeini-auid  chancier,  it  is 
higher  in  the  interior  than  towarda  the  margin.  The  aoil  of  the  gwamp 
is  farmed  of  Tegetahle  matter,  nsually  without  any  admixture  of  earthy 
particles.  We  ha*e  here,  in  bet,  a  deposit  of  peat  thim  ten  to  fifteen 
feet  in  thickness,  in  a  latitude  where,  owing  to  the  heat  of  the  mm  and 
length  of  the  auoimer,  no  peat-mosses  like  those  of  Europe  would  be 
looked  fur  uader  ordinary  circumstances.  The  juniper  trees,  or  whits 
cedara  {Cvpreitui  thiti/oiila),  stand  firmly  in  the  eoHeit  part  of  the  quag- 
mire, supported  by  their  long  tap-roota,  and  afford,  with  many  olher 
eTeigreens,  a  dark  shade,  under  which  a  multitude  of  ferns,  reeds,  and 
shruhs,  from  nine  to  eighteen  feet  high,  and  a  thick  carpet  of  mosses, 
eprinK  up,  and  are  protected  from  the  rays  of  the  sun.  Where  these  are 
most  powerful,  the  large  cedar  (Cuprtintt  duticAa  or  Taxoditim  du. 
tiehum)  and  many  other  deciduous  trees  are  in  'full  leaf.  The  black 
eoil  formed  beneath  this  shada  to  which  the  mosses  and  leaves  make 
annual  addiliona.  ia  a  soft  black  mud,  without  any  traces  of  organization. 
Numerous  trunks  of  lai^  and  tall  trees  lie  buried  in  the  black  mire  of 
the  morass.  In  the  midst  of  the  swamp  there  is  a  lake  of  an  oral  form, 
seren  miles  long,  five  wide,  and  the  depth,  where  greatest,  fifteen  feet ; 
its  bottom  coneiats  of  mod  like  the  swamp,  but  which  in  some  places  ia 
coTered  by  a  pure  white  land,  a  foot  deep.  This  sheet  of  water  is  usually 
eveu  with  the  banks,  on  which  a  tall  and  thick  forest  grows. 

The  phenomena  above  described  help  us  greatly  to  conceiie  the  man- 
ner in  which  the  coal  of  the  ancient  carbonlferoua  rocks  may  hare  been 
formed.  The  heal,  perhaps,  may  not  have  been  eicegsiie  when  th« 
coal-measure  originated,  but  the  entire  al»enee  of  Irost,  with  a  warm 
and  damp  atmosphere,  may  have  enabled  tropical  forms  to  Sourish  in 
iatitudea  far  distant  from  the  tine.  The  IVequent  submergence  of  masses 
of  T^elable  matter  like  the  morass,  beneath  seas  or  estuaries,  as  often 
as  the  land  aauk  down  during  subterranean  moTemenla,  may  have  given 
rise  to  depositions  of  strata  of  mud.  sand,  or  limestone,  immediately  upon 
the  vegetable  matter.  The  conversion  of  successive  surfaces  into  dry 
land,  on  which  other  swamps  supporting  Ireea  were  formed,  might  give 
origin  to  a  continued  series  of  coal-measures,  of  great  thickneea.* 

The  above  is  a  concise  eipoaition  of  this  theory  by  one  of 

its  ablest  advocates,  and  ia  therefore  deserving  every  con- 

eideration ;  and  the  more  bo,  since  the  same  philoHophical 

'  Travels  in  North  America,  vol.  i.  chap,  vii. 
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obserrer  has  br(M^:kt  for\rard  a  plaosiUe  vxpUnation  of  the 
j>erpleimg  enigma  preaeated  by  the  purity  of  the  cod  itself 
from  aaudy  and  earthy  particles,  aod  by  tlie  comparatively 
great  thickneBs  of  many  coaJ-seame.  He  adduces  as  illus- 
tc&tive  of  tiie  probable  origin  of  eucb  cool-beda,  the  exist> 
ing  caaditiims  of  the  "  Sunk  Country,"  in  the  ralley  of  Ute 
MiseisBippi,  and  other  of  the  great  "  cypresa-swamps  "  of  that 
region,  where  great  areas  of  rapidly  accumulating  vegetable 
matter  are  protected  by  thick  marginal  beltg  of  reeds  and 
brushwood,  which  effectuaUy  resist  the  introduction  of  any 
of  the  detrital  matter  Sttspended  in  the  watera  of  the  annual 
inundations  .* 

9.  Upright  Trees  is  the  CoAi<-VEi.BUBEa. — The  oc- 
currence of  trees  in  an  upright  position,  in  some  instances 
vith  their  roots  attached,  and  extendiuf  into  tJie  under-clay, 
is  regarded  as  another  uneqmvoc^  proof  of  the  formation  cf 
coal  trom  vegetables  growing  on  the  spot. 

Serera!  inrtances  of  this  kind  hate  been  obBerred  fti  England.  One  of 
the  most  remarkable  was  brought  M  tight  (from  1837  to  1846),  in  the  ex- 
cavetiona  forthe  Bolton  md  Manchester  Bailway,  near Diioofold,  where 
five  lai^e  gtems  {Siffillarix)  were  fuund  erect,  irith  tlieir  roots  extending 
into  aliyer  of  hnpure  clay  below,  in  which  were  fonnd  many  spedmem 
«f  Ibe  fosail  ooiies  known  u  Lepiiloatrobi,^  They  stood  on  the  Bame 
plane,  and  near  to  each  other.  The  tranka  were  enrrounded  and  filled 
by  a  sod  blue  shale,  the  carbonized  bHik  (or,  ratlier,  the  tlim  oiMer 
cylinder  of  woody  lissne)  being  all  that  remained  of  the  original  atrncture. 
The  Btems  are  gnarled  and  knutted,  mid  have  decorticated  prominences, 
like  those  in  barked  trunks  of  our  old  dicotyledonona  trees.  All  these 
tnuLka  appear  to  have  been  broken  off  by  TJuleace  at  a  height  of  foni  or 

■  Manual  of  Geology,  hth  edit.  p.  385.  The  luhject  of  the  origm 
of  coal-beda,  both  ill  the  hypothesis  of  the  accnmnlation  of  plants  grow- 
ing in  place,  and  on  thatof  the  drifting  of  maasesof  plants,  is  aUy  tieated 
in  De  la  Beche's  "Geological  Obaerver,"  and  in  Phillips'  "Manual  of 
Geology."  See  also  Williamson's  Remarks,  Ijep,  Brit.  Aasoc  1S42, 
Sect.  p.  4B. 

t  Medals,  p.  141. 
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five  Teit  kboTB  tb«  roM,  Uid  n>  tracea  of  Uw  oppec  put  ef  tli*  stenu  ot 
bnnchei  ««re  detected.* 

Hr.  Bionejluts  described  a  very  iuteresting  Bpecimen  of  a  rooted  stump 
of  a  Stgillaria  met  witli  in  a  collierj'  at  Dunkinflsld,  about  •even  miles 
ewt  of  Hancheiter.t 

Id  constmctinc  tbe  railvaf-tunnel  at  Ctay-cran,  a  few  miiea  eMith  of 
Chesterfield,  through  the  middle  portion  of  the  Derbyshire  coal-measurea, 
te  1S38,  a  ftonp  of  nearly  forty  tree*  {SigUiarvt)  waa  diworend.  TtwM 
■tood  at  right  angles  Ui  the  plaaes  of  stratification,  aod  net  more  thaa 
three  or  four  feet  spsTt.t 

En  tbe  Denrent  Mines,  Durham,  at  the  depth  of  fifly-Sre  fatboms,  amoDg 
nmneroaaeiamplee  which  were  lying  in  horizontal  layers,  irere  sereral  ia 
Kn  erect  poaitirm^  Two  stem?  of  Sii^lluiie,  ditaated  in  the  space  deared 
ent  to  get  at  the  lead-ore,  stood  upright,  biTing  their  rooax  firmly  im- 
pacted in  a  bed  of  bituramous  shale  ;  they  were  five  feet  higfa,  uid  two 
m  diameter.  I 

In  the  Nevoastle  coal-field,  ■  strBium  of  sandstone  occurs  iSO  yard* 
below  the  surface,  in  which  were  observed  many  erect  steins  of  trees, 
finm  Mro  lo  eight  feet  in  circumference,  banag  thnr  rents  in  a  thin 
layer  of  coal.f 

On  the  cosat  of  NorthumberUnd,  within  the  length  of  balf  a  ntle, 
twenty  upright  trees  were  obserred  in  1816,  by  Mr.  TrerelyanjH  wid 
^nrilar  fossils  were  enticed  many  miles  distant  tram  this  iptH,  in  tlu 
same  coal-field,  as  if  they  were  a  continoation  of  a  submerged  fareat, 
flie  trees  of  which  had  mainUined  their  erect  position,  like  those  of  tba 
Isle  of  Portland  (p.  399) .  Examples  of  isolated  ufoight  trunb,  with  mora 
or  less  of  the  roots  attached,  are  not  imcommon. 

In  Giamorgushire  De  la  Beche  and  Logan  abaored  a  fine  gioi^  of 
upright  Sigillsriie.** 

•  Medals,  p.  125  i  Geol.  Transact.  2  ler.  toI.  ri.  p.  173,  pi.  17 ;  and 
Geol.  Prooeed.  Tol.  iii.  p.  139  and  269.  Owing  to  Ibe  scientific  zeil  of 
Hr.  Hawkshaw,  F.G.S.,  who  originally  described  these  interesting  relics, 
of  a  palEeoiotc  forest,  Ibey  have  been  carefully  preserred  in  their  nB,taial 
position.  See  also  Trans,  ManchastM  G«ol.  Soc  roL  i.  p.  112. 

+  Geol.  Joam.  ytA.  iL  p.  39IX 

J  Geol.  Froo,  lol,  iu.  p.  272. 

II  Observations  on  Fossil  Vegetables,  by  Henry  Withom,  4to ;  Edin* 
bnrgh,  1831,  p.  5.  (  Ibid.  p.  7. 

T  Biickland  Bridg.  Trwit.  p.  470. 

•"  Hem.  Geol.  Survey,  vol.  i.  p.  183. 
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10.  TJpMaHT  Trees  at  Woltebhauptok  and  St. 
Etienne. — The  following  eiamplee  may  also  be  adduced. 

In  a,  collieiy  near  Wolverhampton  the  bottom  coal  rites  to  view,  and 
where  the  surface  haa  been  cleared  of  the  alluTial  covering,  it  preaenu 
"  the  appearance  of  a  moor  on  which  a  full-grown  fir-wood  had  been  cut 
down  a  fewmonthB  before,  and  only  the  stumps  left  behind.  Stump  riies 
beside  stump,  to  the  cumber  of  seienty-three  in  all :  the  thickly  diverging 
roots  strike  out  on  every  side  into  whnt  had  been  once  vegetable  mould, 
but  which  now  exists  as  an  indurated  brownish -coloured  shale.  Many 
(runlcs,  sorely  flattened,  lie  recumbent  on  %he  coal,  some  of  them  iiill 
thirty  feet  in  length,  white  same  of  the  larger  stumps  measure  rather 
mare  than  two  feet  in  diameter.  There  lie  thick  around  Stigmaiiie, 
Lepidodendra,  Calamiles,  and  fragments  of  Ulodendra ;  and  yet,  with  all 
the  assistance  which  these  lent,  the  seam  of  coal  formed  by  this  ancient 

forest  does  not  exceed   Gve  inches  in  thickness Not  a  few  of 

the  stumps  in  this  area  are  evidently  water -worn The  prostrate 

forest  had  been  submerged,  and  moUusks  lived  and  fishes  swam  over  it." 
This  upper  forest  is  underlaid  by  a  second,  and  even  a  third  ;  we  find 
three  full-grown  foresia  clossly  packed  up  in  a  depth  of  not  more  tbaa 
twelve  feet." 

A  coal-pit  at  Treuille,  near  St.  Etienne,  Department  of  the  Loire,  in 
France,  described  by  M.  Alexandre  Brongniart,  contains  many  stems  of 
Calunites  and  other  trees  in  an  erect  position  ;  and  this  foot  is  generally 
considered  as  an  indisputable  proof  that  the  coal  was  produced  by  the 
submergence  of  a  forest  that  once  grew  on  the  spot:  hut  as  many  of  these 
stems  are  inclined  at  various  angles,  and  their  roots  implanted  in  Jilif* 
ferent  beds,  the  perpendicularity  of  the  upright  trees  is  possibly  acci- 
dental. This  mine  is  most  favourable  for  observation,  for  it  is  in  the 
open  air,  and  exposes  to  view  a  natural  section  of  the  strata  of  clay,  shale, 
and  coal,  with  four  layers  of  compact  iron-ore,  in  flattened  nodules, 
which  are  accompanied,  and  even  penetrated,  by  vegetable  remains.  The 
upper  ten  feet  of  the  quarry  consist  of  micaceous  sandstone,  which  is  In 
stratified,  aad  in  others  possesses  a  slaty  structure.  In  this 
IS  vertical  stems  traversing  all  the  strata,  and  appearing 
like  a  forest  of  plants  resembling  the  Bamboo  or  Urge  Equiieta,  turned 
into  stone,  in  the  place  on  which  it  grew.    The  stems  are  of  two  kinds: 

•  First  ImpreaaioQs  of  England  and  its  People,  by  Hugh  Miller,  p.  233 
(Edit.  1857,  p.  202).  This  fossil  forest  is  described  and  illustrated  by 
Messrs.  H.  Beckett  and  W.  Ick,  in  the  Geol.  Soo.  Joum.  vol.  i.  p.  41. 
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the  one  long  vid  slender,  from  one  lo  four  uichei  in  diameter,  and  nine 
or  ten  feet  Mgh,  being  simply  jainted  tnd  striated  Bolid  trflindeis  of 
Bandslone,  wilh  a,  thin  coalj  bark ;  the  other  tnd  less  common  species 
oie  hollow  cylindrical  stonis,  spreading  out  tioxa  the  base  like  a  loot^  but 
-without  Tami&cations.  * 

11.   TJfBISHT  TbEKS  IH  the  CoAL-UEA.BUBEa   OP  NOTA 

Scotia  abd  Cape  Bbeton. — Xumerous  erect  trees  in  the 
Cape  Sreton  coal-measures  have  been  observed  and  described 
by  Mr.  B.  Brown,f  many  them  having  their  roots  and  rootlets 
still  attached.  And,  though  it  is  imneceseary  to  multiply  ex- 
amples of  the  occurrence  of  trees  in  an  upright  position  in  the 
carboniferous  deposits,  this  phenomenon  is  ao  striiingly  dis- 
played in  the  coal-measures  of  Nova  Scotia,  and  has  been  so 
well  described  by  Logan,  Dawson,  and  Lyetl,  that  I  cannot 
omit  a  short  account  of  the  erect  stems  in  the  diffa  of  the 
Bay  of  Fimdy ; — 

In  the  coat-measures  on  the  southern  ahoree  of  a  branch  of  the  Bay, 
there  are  ten  successire  stages  of  erect  trunks  of  trees,  placed  at  right 
angles  to  the  planes  of  stratification,  through  a  thickness  of  strita  of 
2500  feet;  the  entire  aeries  of  deposile  is  estimated  to  be  five  miles  in 
thickness.  Tlie  strata  are  inclined  at  an  angle  of  between  25°  and  30°. 
The  trunks  of  the  trees  are  often  mere  hollow  cylinders,  consisling  of 
the  bark  in  the  state  of  pure  coal,  and  filled  with  sand  and  clay,  con- 
taining leaves  of  ferns  and  other  plants,  and  in  one  instance  the  bones 
of  a  small  reptile  and  the  shell  of  a  land-snail.^  A  trunk,  fourteen  inches 
in  diameter,  had  a  coating  of  bark  a  quarter  of  an  inch  thick.  Beds  of 
bituminous  shale  and  clay  with  Sti^ariie,  ten  feet  thick,  are  described 
as  overlying  one  series  of  upright  trees,  and  upon  these  was  another  bed 
of  coal,  one  foot  thick,  that  supported  two  trees,  each  eleven  feet  high, 
and  sixty  yards  apart,  j 

■  Notice  Bur  des  V#g£taui  Fossils  traversant  les  couches  du  Terrain 
Houiller,  par  H.  Alex.  Brongniait,  Paris,  1821.  See  alau  De  la  Beche's 
"Qeological  Memoirs,"  1S24,  for  a  translation  of  M.  Beaunier's  descrip- 
tion of  the  coal-district  of  St.  Etienne,  with  a  drawing  of  the  quarry  and 
upright  sterna. 

t  Geol.  Soc  Proceed,  vol.  iv.  p.  176;  Jonrn.  vol.  ii.  p.  393;  vol:  iv. 
p.  46 ;  and  vol.  v.  p.  3M.  J  Joum.  Geol.  Soc.  vol.  Ii.  p.  58. 

}  See  the  Section  of  iheni^  of  the  Sooth  Joggins,  near  Hinndie, 
Nova  Scolia;  Travels  in  North  America,  vol.  ii.  p.  ISO,  fig.  21. 
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la  the  Jof^tm  (ectioa  manjr  of  the  erect  trees  appear  without  loaiBi 
which  circumslance  ia  explained  by  Mr.  Dawaon,  let,  by  the  fact  tliat 
in  the  (Jipoaed  cliff  the  uader-clays,  with  the  roou,  weather  away,  leaving 
the  Btumpa  still  sapported  by  the  overlying  and  border  saadstoDe  ;  and 
2ndly,  by  the  Buppoeition  that  oHen  the  roots  have  been  iDcorparaled  with 
iha  coal-seams.*  These  tiunks  ol^en  resemble  those  foimd  erect  at 
Diioafbld.  in  England ;  but  eonie  are  decidedly  Sigiliaria.  A  few  of 
the  upright  trees  appear  to  be  true  Coni/era, 

At  Fii:tou,  a  hundred  milBa  to  the  eustward  of  the  Minudie  coal-mea- 
suiea,  the  same  giaup  of  deposits  oi:i:urii,  and  yields  a  luge  skipply  of 
coal.  In. this  locsJity  there  ia  a  row  at'  upright  Calamilai,  in  sandstone 
all  terminating  downwards  at  the  same  level,  where  the  sandstone  joins  a 
layer  of  coarse  grey  limestone  with  pebbles.  The  tops  of  the  Calamiles 
terininale  at  different  heights,  where  the  grit  becomes  coarser  ;  and  hare 
not  been  removed  by  dt^cay,  but  hate  evidently  been  broken  sharply  off, 
sometimes  prewnting  at  the  summit  a  crushed  appearance,  lilce  that  of  a 
hollow  cylinder  of  paper  bent  at  right  angles.  The  bed  of  erect  Calamitea 
at  St.  Etienne  (p.  688)  ia  regarded  by  Sir  C.  Lyell  as  analogous;  and  he 
considers  both  localities  as  affording  unequivocal  proof  of  fossil  trees  oc- 
cupying the  ground  on  which  they  originally  grew.f  Sir  C.  Lyell  has 
also  described  a  good  example  of  numerous  upright  and  rooted  fossil  trees 
{Siffillaria)  as  occurring  in  the  coal-meaaures  of  Indiana,  at  Kimball's 
Mill,  near  Evansville.l 

To  accoimt  >for  the  several  series  of  these  erect  trees  at 
successive  stages  on.  the  supposition  that  the  trunks  are  now 
standing  in  tbeir  original  position,  we  must  suppose  period- 
iiial  subsidences  of  the  land  to  have  taken  place.  "It  bj 
no  means  follows,"  ohaerves  Sir  C.  Ljell,  "  that  a  sea  fpur 
or  five  miles  deep  was  filled  up  with  sand  and  sediment.  On 
the  contrary,  repeated  subsidences,  such  as  are  required  to 
explain  the  successive  subioergence  of  so  many  forests  which 
grew  one  above  the  'other,  may  have  enabled  thifi  enormous 
accumulation  of  strata  to  haTe  taken  place  in  a  sea  of  mode- 
rate depth."  5 

"  Quart.  Jonra,  Geol.  Soc.  rol.  x.  p.  30, 

f  Travels  in  North  America,  vol.  ii.  p.  19A ;  Dawson,  QuorUJoura, 
Geot.  Soc.  vol.  vii.  p.  195  ;  and  "  Acadian  Geology,"  @to,  IS1&. 
X  Second  Visit  to  the  United  States,  vol.  ii.  p.  372. 
i  Trarels  in  North  America,  vol.  a.  p.  190. 
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12.    COiX-BBALES  ATTD  YbSXTABLK   BEHATllia.  —  I    have 

already  stated  that  it  is  &om  the  shales,  or  slaty  coal  of  the 
roof,  that  the  most  abundant  and  illustrative  examples  of 
the  plantfl  of  the  carboaiferous  epoch  are  obtained ;  in  many 
layers,  vegetable  remainB  oc«ur  between  every  ImniT!*,  the 
entire  mass  being  formed  of  carbonized  leaves  and  stems, 
closely  pressed  together  in  clay.*  The  carbonaceous  matter 
is  sometimes  in  an  unconsolidated  state,  exhibiting  the  mat- 
ted fibres,  leaves,  and  stems.  This  condition,  indicating  an 
intermediate  stage  in  the  formation  of  coal,  is  not  of  un&e- 
quent  occurrence  in  the  secondary  and  tertiary  carbonaceous 
deposits,  but  is  rare  in  the  most  ancient.']' 

The  roof  of  a  coal-mine,  vhea  newtj'  exposed,  diapUjra  llie  moat  inler- 
ealiug  spectacle  imaginable ;  leaves,  branches,  ud  stems,  of  the  taoel 
elegant  and  delicate  foiios,  being  embossed  on  tbe  dark  shioing  siuiace.t 
The  coal-mines  of  Bohemia,  the  foasil  plants  of  which  ate  well  known, 
from  the  beautiful  work  of  Count  Stenibelg,^  are  stated  by  Dr.  Buck- 
land  tO'  be  the  most  interesting  of  an;  he  baa  visited, — but  1  will  desciibe 
them  in  his  own  eloquent  lai^uage.  "  The  moat  elaborate  imilations  of 
living  foliage  upon  the  painted  ceilings  of  Italian  palaces  bear  no  com- 
paiison  with  the  beauteoos  prot^on  of  extinct  v^tatde  forms,  with 
which  Itte  gallerieH  of  these  initracti>e  coal-mines  arc  oTcrhung.  The 
Toof  is  covered  as  with  a  canopj  of  gorgeous  tapeatiy,  enriched  with  fes- 
tuons  of  the  most  graceful  foliage,  flung  in  wild  irregular  proiiision  o<er 
everjr  portion  of  its  sartace.  The  effect  im  heightened  b;  the  contract  of 
the  coal-black  colour  of  these  vegeiables  with  die  light  ground-work  of 
the  rock  to  which  the;  are  attached.  The  apeclatar  feel*  transported,  m 
if  by  euchantment,  into  the  forests  of  another  world ;  be  beholds  trees  of 
form  and  character  now  unknown  upon  the  anrface  of  (he  earth,  prceeni- 
ed  to  Ms  senses  almost  in  the  beauty  and  Tigonr  ot  their  primeval  life ; 
their  scaly  stems  and  bending  branchea,  with  their  delicate  apparatus  of 
foliage,  are  all  spread  forth  befure  him,  litile  impaired  by  the  lapse  of  in- 

•  Mem.  Geol.  Survey,  vol.  i.  p.  193,  fig.  IB. 

t  Silurian  System,  p.  100. 

X  See  Mr.  B.  C.  Taylor's  notice  of  fossil  Atboreecenl  Ferns,  Sigillaria. 
and  other  Coal-planta,  exhibited  in  (be  roof  and  floor  of  a  coal-seam  in 
Dauphin  County,  PennaylTanis.  Trans.  Amer  Phil.  Soc.  2  aer.  »ol.  is. 
p.  ZI9,  Philadelphia,  1843.  i  Flore  du  Monde  Primilif. 
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deflnila  tget,  and  btnring  Taithfal  records  of  extinct  syitems  of  Tegetttian, 
vluch  began  uid  lerminaled  in  times  of  vhich  these  relics  are  the  infal- 
lible blstorions.  Such  aie  the  grand  natural  herbaria  wherein  thesa  most 
ancient  remains  of  the  vegetable  kingdom  me  preeerred  in  a  state  of  in- 
tegrity tittle  short  of  their  liiing  perfection,  under  conditions  of  our  planet 
which  eiist  no  more."  • 

13.  MlLLBTOHE-aaiT.  — The  coal-meaHurea  north  of  the 
Trent  are  superposed  on  the  group  of  coarse  sandy  and 
pebhly  depoeitB  designated  by  this  term ;  hut  to  the  south 
these  strata  appear  as  a  hard  sandy  rock  ("  Farewell-rock  "). 

The  most  characteristic  bed  of  this  series  is  (he  qoartiose  conglomer- 
ate, termed  millstone- grit,  which  consists  of  rolled  fragments  of  quartz- 
rock  and  granite,  of  Taiious  sizes,  from  that  uf  a  pear  downwards,  ce- 
mented logetber  in  some  insiancee  b?  an  aipllaceous,  in  others  by  a 
dystalline  sillcious  paste.  Sandstones  composed  of  the  fine  detiitas  of 
similar  materials  are  associated  with  the  grit.  Water-worn  fragments  of 
shale,  coal,  red-sandstone,  stems  of  plants,  &c.,  all  beiiring  marks  of 
transport  bjr  curienU  and  streams,  are  also  often  found  imbedded  there- 
in. Beds  of  coal  ore  occaaionaJly  interpolated  in  this  aeries,  and  in  some 
localities  the  lowermost  strata  consist  of  shales  with  coal-plants,  and  con- 
tain nodules  of  ironstone  similar  to  those  of  the  upper  coal-strata,  and 
Teins  of  lead  and  copper,  Sutin-spar,  and  naphtha,  petroleum,  and  other 
bituminous  substancea,  occasionally  occur  in  the  shales  of  this  series. 

In  Yorkshire  the  Millstuue-grit  Is  an  important  deposit,  containing 
several  subordinate  beds  of  coal ;  and  is  separated  from  the  great  iuferior 
calcareous  group  (known  in  the  north  of  England  as  the  SE»r-/tinM(on«) 
by  deposits,  not  less  than  lOOU  feet  thick,  equiTslents  of  the  Upptr  Lime- 
atoiU'sAalea  of  Derbyshire,  and  known  as  the  Yoredale-rocka^  in  which 
fire  series  of  limestone-atiata,  remarkable  for  Lheic  continuity  and  regular  ' 
thickness,  alternate  with  great  masses  of  sandstone  and  shale,  coataioiog 
innumerable  impressioits  of  coal-plants,  and  a  few  seams  of  coal,  f 

In  a  sandstone  belonging  to  this  series,  &om  the  Hutton 
Eoof  Mine,  Mr,  Binne  {  has  recognised  trails  of  Molluscs 
and  of  Annelids;  and  in  the  Millstone-grit  of  Tintwistle, 

•  Bridgewater  Treatisi^,  p.  458. 

f  Professor  Sedgwick,  "  Aimirersary  Address,"  lS3l,Pn>c.  Geol.  Soc. 
T,>l.  i.  p.  286;  Phillips.  "Geol.  Yorkshire,"  and  "Manual  Geol."  1855, 
;  Trans.  Phil.  Liu  Soc.  Hanchesler,  2nd  sei.  toI.  i.  p.  ISL 
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Cheshire,  tbe  eame  iadefatigable  explorer  of  the  Coal-forma- 
tionB  of  Central  England  hag  discovered*  fine  tracke  of  a 
probably  reptilian  quadruped,  Bimilar  to,  but  of  much  larger 
proportions  than  even  that  which  has  left  on  the  Permian 
Bandatones  of  Corncockle  Muir  the  impreBsionB  referred  to 
Chelichnut  Titan  by  Sir  W.  Jardine.  Prof.  HarkneHs  also 
has  recognised  Annelid  tracks  in  tbe  Millstone-grit t  (Ire- 
land). 

14.  Cabbosiferoub  OB  MorBTAiK  LiMEBTOKE. — Be- 
neath the  Millstone-grit  and  TTpper  Limestone-shale,  and 
indeed  intimately  connected  with  the  latter,  is  tbe  great  cal- 
careous member  of  the  lower  portion  of  the  Carboniferous 
Bystem.  This  is  an  extensive  aasemblage  of  ericareoua 
strata,  composed  for  the  most  part  of  subcrystaUine  grey 
limestone,  disposed  in  beds  of  considerable  thickness ;  the 
strata  through  a  depth  of  many  hundred  feet  being  separated 
only  by  very  thin  day-partings.  Shales  and  grits  are  inter- 
calated in  certain  localities ;  and  in  some  countrie»  import- 
ant beds  of  eoal  are  situated  in  this  division  of  the  system. 
Layers  and  nodules  of  chert  occasionally  traverse  tbe  lime- 
stones, like  the  fiints  in  chalk. 

The  term  Mtnmtain-limatont,  applied  lo  these  calc&Tcous  locks,  has 
originated  from  their  often  forming  ele»aled  oiounlBJii-chains,  la  in  Der- 
byshire, Yorkshire,  Someraetaliiie.  &c..  giving  riae  to  scenery  which 
eqnala,  if  not  surpasses,  in  picturenque  beauty  that  ot  any  other  part  of 
England.  I  need  but  mention  the  rale  of  the  Avon  at  Clifton,  Mallock- 
dale,  DoTtdale,  the  escarpmenls  tbat  overhang  the  Wye  near  Chepstoir, 
&c.  Tbe  [nagnificent  gorge  of  the  Avon  at  Clillon  is  flanked  by  an  un- 
inlemipted  anccession  of  miirat  precipicea,  known  by  the  name  of  St. 
Vincenl's  Rocks,  and  presents  an  unriTalled  natural  eeclion  of  the  Car- 
boniferons  limestone.  Tbe  calcareous  beds  rest  on  strata  of  the  Devonian 
series,  which  may  be  semi  on  both  sides  of  (be  riier,  near  Cook's  Polly, 
extending  on  the  south  andei  Leigh-down  and  Weslon-dnwn.^ 

■  Quart.  Jouru.  Geol.  Soc.  vol.  lii.  p.  350. 

t  Edin.  New  Phil.  Joum.  new  series,  vol.  i.  p.  273. 

X  Descriptions  and  sections  of  these  rocks  luve  been  made  by  Dr. 
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Tbii  seriei  of  iima  is  aIio  lemaikabls  far  Ihe  deep  chuma  tnd  &s- 
SOTM  by  whicK  tlie  rock*  are  traTeraed;  the  principal  caTema  of  this 
country  being  situated  in  them ;  Ihoae  of  Deibyahire,  yoikahiie,  Somei- 
wlshire,  Ac.  ate  well  known.  Swallow-holea  and  subtsnaneouB  rireis 
aie  likewiu  fiequent  througbout  Ibe  dislrids  framed  by  Iheae  deposits. 

The  mounlain-limestons  is  largely  developed  over  (he  central  and 
qatUtani  parta  of  England,  and  the  South-west  of  Scotland  ;  and  it  is  the 
predominant  rock  throughout  the  greater  part  of  Ireland.  In  Someiaet- 
shire,  Gloui.'estenhire,  Shropshire,  North  and  South  Wales,  and  Derby- 
shire, it  constitutes  an  almost  entirely  calcareona  mass,  interposed  be- 
tween the  DeToniin  group  below  (or,  where  that  is  wanlin);,  the  more 
ancieut  Silurian  rocks)  and  the  upper  ahales,  grits,  and  coal  above.  In 
Cumberland,  and  Westmoreland,  &c.,  it  appears  as  an  elevated  belt,  which 
partly  surrounds  the  Cumbrian  slate-mounlaius,  aoB  forms,  on  the  west, 
a  ridge  nearly  three  thousand  feet  in  height. 

In  Northumberland  the  mountain- limestone,  modified  by  intercalated 
shales  and  coal-beds,  and  aasociated  with  the  overlying  millstone- grit,  oc- 
cupies iarge  areas,  and  constitutes  rangesof  hills  of  considerable  elevation; 
the  geographical  features  strongly  conlrasling  with  those  of  the  i4JBcent 
country  on  the  sonlh,  which  consists  of  the  upper  coal-bearing  strata, 
spread  out  in  a  plain  of  great  eilent. 

In  Derbyabire  the  grand  physical  features  of  the  country  are  produced 
by  the  mountain-limestone,  which  rises  into  crags  or  petUcs,  and  bills, 
presenting  bold  precipitous  escarpmenla,  and  produces  the  wildest  and 
most  picturesque  acenerv.  Professor  Phillips  estimates  the  thickness  of 
(be  lower  division  of  limestones,  with  aliale -partings,  in  Derbynhlreat  750 
feet :  the  nUemations  of  shale,  sandstone,  limestone,  and  ironstone, 
which  surmount  the  former,  at  500  feel ;  and  the  cappings  of  millstone- 
grit  which  form  the  summits  of  the  hills,  at  360  feet. 

The  CarboniferouB  Limeatone,  though  some  of  the  beds  are 
destitute  of  fossila,  ie  for  the  most  part  largely  made  up  of 
corals,  crinoida,  ehellB,  &e. ;  these  often  form  three-fourtha 
of  the  mass.  Of  the  1900  feet  thicknees  of  Mountain-lime- 
stone in  South  Wales,  the  lower  half  may  be  said  to  he  made 
up  of  Crinoidea  and  Slropliomen/e,  and  the  «pper  portion  of 
Bright  (Qeol.  Trans,  vol.  iv.  p.  193) ;  Mr.  Cumberland  {ibid.  vol.  i.  p. 
95);  Bucklandaod  Conybean  i&id.  2  ser.  vol.  L  p.  210)  ;  De  la  Beche 
and  Williams,  Mem.  Geol,  Surv.  vol.  i.  p.  113;  Lousdale,  Murcbison's 
Sil.  Syst.  p.  158.  See  also  EicuraionB  to  Clifton,  MaUock,  and  Crich 
HUli  HedalsofCreation,  vol.  ii.  iHp.8&4,S67,  880. 
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corala  (De  la  Beche  and  Phillips).  We  regeire  a  more  par- 
ticular notice  of  theae  organic  remninB  for  a  subsequent  part 
of  thia  Lecture.  The  Derbyshire'  encrinital  marbles  (sec 
p.  860),  and  the  coral-marbtes  of  St.  Vincent's  rocks,  near 
Clift(Hi,  are  well-known  examples  of  the  finer  compact  varie- 
ties of  these  calcareous  deposits. 

In  the  Bristol  and  Mendip  district,  some  beds  of  this  great 
limestone  have  an  oolitic  structure,*  the  spherules  contain- 
iug  grains  of  Band,  water-vora  fragments  ofahells  and  other 
organic  substanoes,  or  the  little  shells  of  foraminifera. 

The  chert^  wh^%  interpolated  among  the  crinoideal  re- 
tnaina,  coutaina  beautiful  casta  aud  impresnona  of  the  stems 
and  ossicula,  «id  also  of  the  associated  shells,  in  consequence 
of  the  siliciouB  matter,  which  surrounded  and  penetrated 
these  bodies,  having  resisted  the  chemical  aotion  that  sub- 
Bequeotly  destroyed  the  calcareous  structure  of  the  ori- 
ginal8.t 

15.  BiKBTBHiBK  Ls AD-HIKES. —It  is  in  the  mountain- 
limestone  that  the  principal  British  lead-mines  are  situated, 
namely,  those  of  Somerset,  Derbyshire,  York,  Hint,  Durham, 
and  Northumberland.  In  Derbyshire  the  metal  occurs  in 
numerous  veins  which  traverse  the  strata,  and  extend  in 
some  instances  into  the  toad-itone, — a  volcanic  rock  which  we 
shall  describe  in  the  sequel.  The  perp^pdicular  veins  (rake- 
veini)  are  from  two  to  forty  feet  wide ;  and  there  are  chasms 
or  hollows  in  the  rock,  several  hundred  feet  in  width,  which 
also  contain  metallic  ores  and  spars.  Manganese,  copper, 
line,  and  iron  are  found  in  thelimestone;  but  the  predomin- 
ating metalliferous  ore  is  the  sulphide  of  lead,  or  galeda. 
This  aubstanoe  is  of  a  bluish-grey  colour,  and  often  occurs  in 

■  This  U  Dot  the  oldest  instance  of  the  occnrrence  of  the  oolitic  atrac- 
tnreEnrockg.  It  ia  preMmt  in  gome  partaof  the  Bsltlimastone.  As  more 
modeni  inatances,  ma;  be  mentioned  oolitic  beda  in  tlie  Zechilein  of  the 
Permian,  and  the  Hnichelkalk  of  the  TriM. 

t  See  the  pnlle^-stone,  Lign.  152,  fig.  I,  «Ucfa  is'a  dKcitma  -cut-or 
an  encrinital  column. 
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cubic  ud  octahedral  etystalt ;  it  is  sliio  disposed  in  thin 
l&7era,  M  well  as  in  reioa.  It  ii  accompanied  by  flnor-spar, 
calc-ipar,  sulphate  and  carbonate  of  barytes,  iron-pyritea,  &e. 
The  rariety  termed  specular  galena,  or  »lickmnde«,  is  a  thin 
coating  of  lead  on  the  sides  of  the  reins,  and  appears  to  hare 
arisen  irom  one  wall  of  the  Sssure  ha?iDg  slipped  along  the 
hce  of  the  other,  so  as  to  give  it  a  polished  or  ilicken  sui- 
face. 

The  beautiful  mineral  kncwn  by  the  names  o{  Jhor-^Mr, 
eUorophotte,  and  Jyerbyikire  tpar,  and  prorindaUy  called 
Blue-John  uid  Bull-beef,  so  much  in  request  for  Tases  and 
other  ornamental  purposes,  is  a  flnate  of  lime,*  found  in  the 
state  of  veins,  and  in  tai^  irregular  masses  from  three 
inches  to  a  foot  in  thickness,  in  the  Odin  mines,  near  Castle- 
ton,  in  Cornwall,  and  elsewhere. 

The  structure  of  the  country  around  Matioch  and  the 
principal  metalliferous  districts  of  Derbyshire  are  so  fully 
described  in  various  w^ks,  that  the  present  brief  notice  of  the 
manner  in  which  the  mineral  and  metallic  prodnctiona  occur 
wQI  suffice.  The  chasms  in  the  limestone  exposed  in  some  of 
the  quarries  are  often  more  or  less  incrusted  with  minerals  and 
spars,  and  exemplify  the  mode  in  which  the  rich  metallic  veins 
of  lead  are  distributed  in  the  interior  of  the  mountains.  A 
fissure  which  I  obsefved  in  a  qoarry  in  Crich  Hill  will  serve 
as  an  Uluatration.  A  layer  of  the  daib  hlue'grey  sulphide  of 
lead,  or  galena,  was  spread  over  tbe  surface  of  the  hmestooe 
that  formed  the  walls  of  the  fissure,  upon  this  was  deposited 
a  layer  of  white  baryt-spar,  and  on  the  latter  was  a  coating 
of  cubic  crystals  of  fluor-spar  of  a  light-blue  colour.  Usually 
tbe  fissure  is  filled  up  by  alternating  layers  of  crystalline 
veinstones  enclosing  a  central  vein  or  "  rib  "  of  gtdena. 

16.  Cabbokifbkoitb  Bocks  of  Devonshibe. — The  rapid 

'  Tliisapp»mlQhavebe«Dlhe  enigmalictt  aabatuiMor which  the  al-' 
most  prioetess  "  ti.jrtii.iDs  tsm*  "  at  uncient  Rome  conusUd.  (Fraser'i 
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sketch  abore  given  of  the  principal  featurea  of  the  three 
gfToupB  of  Btrata  composing  the  Carboniferous  ajeteia  affords 
a  general  idea  of  the  prevailing  characters  of  this  important 
formation.  There  ia,  however,  on  extensive  series  of  rocks 
which  belong  to  this  epoch,  but  occur  under  conditions  that 
have  rendered  their  relations  somewhat  obscure,  and  occa- 
sioned tbem  to  be  classed  with  the  more  ancient  beds,  until 
the  isTestigations  of  Profesaor  Sedgwick  and  Sir  B.  I.  Mur- 
chiaon  demonstrated  their  true  position  in  the  chronological 


arrangement  of  the  British  strata.*  This  group  consists  of 
shales,  limestone,  uid  slaty  coal  (provincial];  called  euJm), 
constituting  a  trough  of  carboniferous  deposits  super-im- 

*  Q«il.  Transact.  2  ser.  toI.  t.  p.  633,  fte. )  Report  British  Assoe. 
1836,  sect.  p.  96;  PhU.  Hag.  vol.  xiv.  p.  241,  Ac. ;  EdiQb.  New  Phil 
Joum.  vol.  xliii.p.33j  Qturt.  Joum.  G«al.  Soc.  vol.  viiL  p.  8,  &c. 
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posed  on  "DeTanian"    itrftta,   but  much  dislocated  and 
Altered  in  character  by  intnuions  of  granitic  rocks. 

The  culmiferouB  deposits  of  Devonshire  were  once  coo- 
nected  with  the  coal-formation  of  South  Wales,  on  the  north 
side  of  the  Bristol  Channel :  the  fossil  regetablefl  which  they 
contain  appear  to  be  identical  with  those  of  the  co^-baain 
of  South  Wales.  In  the  section,  j!^.  1,  through  Devonshire 
from  SNE.  to  SSW.  the  culmiferoua  beds  (a)  are  neea  to 
occupy  a  trough,  and  to  repose  on  each  side  on  the  schists 
and  calcareous  ssndstonea  (b,  b)  of  the  Devonian  or  Old 
Ked  series.  The  section  (Jiff.  2)  from  north  to  south  shows 
the  carboniferous  strata  (a),  flanked  on  the  north  aide 
only  by  the  Devonian  rocks  (S),  the  granite  of  Dartmoor 
(c)  having  been  protruded  on  their  southern  edge;  while 
the  Devonian  rocks  re-appear  in  the  southern  part  of  the 
county,  terminated  by  a  band  of  micaceo-chloritic  schists, 
which  are  parallel  to  the  great  disturbing  axis  of  Cornwall 
and  Devon,  and  are  probably  metamorphoaed  sedimentary 


17.   TBif-KOCKS  AND  1bA.P-DTEXB  Of  THE  GaBBOKIFKB- 

Otrs  Sebieb. — The  coal  and  its  associated  strata  everywhere 
exhibit  proola  of  the  violent  subterraneous  movements 
which  they  have  undergone  since  their  original  deposition  ; 
and  but  few  coal-fields  are  free  from  extensive  fiiults  and 
dislocations,  by  which  the  beds  have  been  broken  up  and 
thrown  into  different  levels  and  positions.  The  entire  group 
is  also  often  traversed  by  veins  and  dykea  of  intruded  vol- 
canic rocka ;  generally  constating  of  the  hard,  dark-green, 
fine-grained  stone,  called  trap. 

Ill  Yorkshire  there  is  a  trap-dyke  of  prodigious  eilent  and  thiclcness, 
named  the  IFhin-tUl,  which  traverses  the  coal  ■meaeurea.  red  aaadstones, 

*  Besides  the  above-quoted  wotka  by  Sedgwick  and  Murchison  on  (he 
Cotniiferoua  beds  of  Devonshire,  (he  reader  sliould  alao  consult  De  U 
Becbe's  "BeporlflnGomwall.-DeTon,  and  Weat  Somerset,"  PMUips's 
"PaJieoinic  Poasila  of  Devon."  &c„  sod  thefirst  vol.oCtbe  "Mem.  G«c^ 
Surrey ; "  and  Sir  B,  Hurchison'«  "  Siluria." 
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>nd  Hu,  and  pasiet  from  High  Teesdale  to  tlie  confines  af  the  eaateni 
CoBBl ;  a  dialuice  a(  upwards  of  silly  miles. 

In  Derbjffihire,  a  trap-rock,  in  mtny  parts  amjftdaloidal,  and  which, 
from  being  mottled  with  green  and  yellow,  has  received  from  the  miners 
(he  OBme  of  toad-tloni,  is  interpolaled  between  the  beds  of  mounlain- 
timestone  of  that  country,  under  circumslances  of  consideiabte  interest.* 

These  phenomena  can  nowhere  be  studied  with  more  adiintage  than 
in  the  neighhanrhood  of  Matloct,  which  is  a  region  of  eaibonifetons  lime- 
stone, broken  np  and  trarersed  by  volcanic  rocks. 

The  trsp-iock  of  Derbyshire  was  evidently  erupted  in  a  state  of  fusion 
from  some  very  deep-seated  source  of  intense  heat,  and  intruded  be< 
tween  the  limestone-beds  in  three  principal  currents,  now  appearing 
«a  altemalioDB  of  trap-rock  with  sedimtntary  strata,  hut  which,  there  ia 
every  reasan  to  believe,  sprung  from  one  common  source,  and  are  lateral 
protrusions  from  the  great  mass  of  igneous  mailer.  The  ioadttone  la  a 
hard  rock,  consisting  of  small  nodules  of  white  and  yellow  calcareous 
spar  and  green  eartb,  imbedded  in  a  dark  greenish  paste  of  bns^t. 
Sometimes  the  nodules  ate  decomposed,  and  the  stone  is  then  vesicular 
or  cellular,  resembling  porous  lava.  The  thickness  of  each  of  the  three 
distinct  beds  of  this  ancient  subterranean  lava-current  interpolated  in 
one  of  this  district  varies  fromsiity  to  eighty  feel.  In 
«a,  dykes  of  toadstone  traverse  the  metalliferous  veins,  and 
a  Hialiirest  alteration  is  then  observable  in  the  nature  of  the  tatler.f 

In  some  places  the  elevatory  movements  have  torn  the  rocks  asunder  ; 
in  others  the  strata  have  partially  resisted  the  expansive  effect  of  the 
erupted  lava,  and  are  now  in  a  dome-shaped  or  arched  position,  and  more 
or  leas  bent  and  folded. 

Crich  Hill,  near  Mattock  affords  a  hi^Iy  interesting  illustration  of 
this  effect  of  igneous  action.  It  is  a  dome-shaped  hill  of  m oimtain -lime- 
stone, 800  feet  high,  consisting  of  arched  strata,  enfolding  a  central  mass 
of  trap.  This  dome  of  limestone  has  been  forced  up  through  the  ones 
superincumbent  strata  of  millstone -grit,  which  now  furm  a  broken  and 
highly  inclined  wall  around  tt.    Such  is  Crich  Mill,  a  stupendous  monii- 

*  See  Hr.  W.  Hopkins's  "Remarks  on  Mr.  Farey's  Account  of  the 
Stratification  of  the  Limestone  District  of  Derbyshire,"  Phil.  Mag.  3rd 
scr.  vol.  T.  p.  121. 

t  In  the  caveni  at  the  base  of  the  High  Tor  in  Matlock  Date,  a  bed  of 
toadstone  is  seen  on  the  floor,  beneath  the  limestone -si  rata  of  which  the 
cliff  it  composed,  and  may  be  traced  across  the  river  to  the  opposite 
escarpment  of  Masson's  Hill,  where  it  ii  exposed  on  the  road-side.  See 
Medals  of  Creation,  vol.  ii.  p.  876. 
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meot  of  one  of  (he  past  reToIutions  of  (he  globe, — with  iu  ftrches  of  riftod 
lock  tneming  with  mineral  tgIdb,  uid  ceating  on  ■  central  Dioiind  of 
molten  cock  cow  cooUd  down  into  ta  amarpliaus  maaa  of  compact 

A  dyke  of  the  rolcanic  rock  called  gie^-Btone,  in  some  places  eighteen 
yards  wide,  and  whioli  has  been  traced  nearly  sBTenty  miles,  trsTersestho 
Newcaalle  coal-tneaauTes  on  Cock Seld-f ell.  The  coal  at  the  dislaitce  of 
fifty  yards  from  the  dyke  is  altered  in  ils  character,  and  near  its  contact 
with  the  erupted  masa  is  reduced  to  half-bsmt  cinder  and  sooty  coaly 
matter.  Wherever  trap  ttRTersea  coal-deposits,  more  or  less  change  in 
mlvays  obsenable  in  the  carbonaceous  materials. 

18.  FAULTa  IS  THE  Coal-he  A  BUSES. — In  illuBtration 
of  the  dieplacemeata  called  faults,  in  carboniferous  strata, 


I  shall  select  a  remarkable  one  tbat  oct^rs  in  the  Dudley 
Coal-field,  near  Barrow  Hill  iLign.  160).  The  central  mass 
of  erupted  trap  that  occasioned  the  dislocation  rises  to  the 
surface,  and  forms  the  summit  of  Barrow  Hill,  which  baa 
an  elevation  of  about  600  feet.  The  displacements  of  the 
strata  on  each  side  of  the  volcanic  rock  have  produced  two 
lines  of  fault :  and  the  coal  ia  contact  with  the  igneoua  rock, 
as  ia  usual  under  such  circumstances,  is  charred,  and  deprived 
of  ita  bitumiuouB  quality. 

•  See  Medals  of  Creation,  p.  890. 
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In  the  principal  fault,  the  coal-beds  are  rent  asunder  to 
an  extent  of  140  yards  ;  and  in  the  part  represented  in  the 
sketch  (Li^.  161),  thei  erupted  maas  (b)  has  upcaat  the 
strata  on  the  south-east  ninety  yards  (a)  ;  the  aides  of 
the  fissure  being  inclined  from  eighty  to  ninety  degrees ;  thus 
the  group  of  strata,  a,  d,  which  were  originally  continuous  and 


horizontal,  have  been  separated,  and  the  edges  of  the  lower 
portion  twisted  upwards,  ae  is  shown  at  c,  by  the  intruded 
trap.  Theae  carboniferous  strata  are  superimposed  on  red 
conglomerate.  Ve  shall  have  ^ain  occasion  to  notice  the 
displacements  in  the  Dudley  Coal-field,  when  treating  of  the 
trappean  ridges  of  that  part  of  England. 

The  faults  and  dialocalions  of  the  Etnita  are  so  numeroua  in  many  coal- 
Gelda,  that  they  have  heen  verj  ■ptly  compareil  by  Dr.  Buckland  to  a 
fractured  sheet  of  ice  :^"  If  we  suppose  a  Ihick  sheet  of  ice  to  be  broken 
mto  fragments-of  irregular  area,  and  these  IiBgineats  again  united  after 
receiving  a  slight  degree  of  irr^;ulu'  inclinalion  to  the  plane  of  the  ori- 
ginal sheet,  the  leunilcd  fragments  of  ice  vill  represent  (he  appearance 
of  the  broken  masses  or  sheets  of  coal-measures.    The  intervening  por- 
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tioiu  of  moie  recent  ice,  by  which  they  i^rt  held  together,  represent  the 
cUy  and  rubbish  that  fill  the  faulls,  and  form  the  paititioD-walla  that  in- 
»uUte  these  adjacent  portiona  of  atrata,  wbii:h  were  eriginall;  formed 
like  the  sheet  of  ice,  inoiie  cOQtinuoua  plane."* 

There  is  a  circumatance  connected  with  the  upheaval 
and  disruption  of  the  carboDiferous  strata,  and  which  ia 
also  observable  in  other  looBolj  aggregated  deposits,  that 
demands  attention.  Howerer  great  the  uprise  or  downcast 
of  the  rocks  on  one  side  of  a  fault,  it  is  seldom  that  there 
are  anj  external  indications  of  the  displacement  visible  ;  as 
for  example  in  the  fault  of  Barrow  above  sketched  (lAgnt.  160 
aadl61).t  The  removal  of  the  upraised  masses  has  possibly, 
in  some  instances,  been  occasioned  by  debacles  or  floods  of 
water  that  have  swept  over  the  surface  of  the  country  ;  but 
in  those  cases  in  which  the  elevated  strata  were  of  great  ex- 
tent, and  the  displacement  involved  large  areas,  it  is  probable 
that  the  removal  was  effected  by  the  action  of  the  sea,  when 
the  rocks  were  first  dislocated  and  forced  upwards,  and 
before  they  emerged  above  the  waters.  In  other  instances, 
the  disintegration  may  have  taken  place  during  their  gradual 
elevation,  in  like  manner  as  the  removal  of  the  Chalky  and 
the  denudation  of  the  underlying  "Wealdeu  of  the  south-east 
of  England,  were  produced.     (See  above,  vol.  i.  p.  371.) 

19.     QeOOBA.PHI0AIi    DISTBIBITTION    07  THE    COAL-HXi.- 

BDBES. — Although  the  geological  map  {Plate  I.  p.  174)  is 
on  a  small  scale,  it  will  serve  to  convey  a  general  idea  of  the 
geographical  position  of  the  are^  occupied  by  the  Carhoni* 
ferous  strata  of  England.  The  principal  coal-baains  are  those 
of  Somersetshire,  Gloucestershire,  North  and  South  Wales, 

•  Bridgewaler  Treatise,  p.  543. 

f  Mr.  Bakewell  has  treated  ihii  Buhjact  nilh  great  ability  :  see  chap, 
in.  "  On  the  general  removal  and  disappeBrancB  of  the  coal-strata,  raised 
by  taulls  above  the  surface  of  the  ground."— /nfrotfuction  to  Gtology,  5ih 
edit.  p.  200. 
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Dudley,  Shropshire,  Leiceeterahire,  Lancashire,  Nottingham, 
Derbyshire,  Torkiihire,  Cumberland,  Durham,  and  New- 
caatle.  In  Scotland,  we  have  those  of  the  Forth  and  Clyde. 
The  central  diBtricts  of  Ireland  have  extensive  coal-deposits ; 
but  by  &r  the  greater  part  of  the  coal  of  Ireland  ia  anthra- 
citic :  there  are  several  coal-basins  eicluairely  of  this  mineral 
in  fire  or  six  counties  in  the  south  of  the  Island. 

Oq  the  Continent,  coal,  with  limestones  and  conglomerates, 
in  some  instances  resembling,  in  others  differtjig  from,  the 
Ei^lish  strata,  occur  in  France,  near  Boulogne,*  Mons,  and 
St.  Btienne;  in  Belgium,  at  Namur  and  Liege  ;t  in  Ger- 
many, Silesia,  Moravia,  Poland,  and  in  the  Carpathian 
Mountains.  The  Mountain-limestone  tract  along  the  Heuse, 
in  the  Netherlands,  resembles  that  of  Derbyshire  and  Mon- 
mouthshire, and  is  of  the  same  age ;  and  the  scenery  to  which 
it  gives  rise  will  remind  the  English  traveller  of  the  banks 
of  the  Derwent  or  the  "Wye. 

In  Germany}  two  great  coal-bearing  series  of  rocks  of 
palieozoic  age  are  recognised.  The  lower  of  these  is  the 
"Younger  Granwacke  "  of  the  Gtermans,  called  dso  the 
"  Flmtzleerer  Sandstein,"  and  is  equivalent  probably  to  the 
millstone-grit,  the  culm  series  of  Devon,  and  some  part  of 
the  Scottish  coal-measures.  The  upper  series  often  rests 
unconformable  on  the  other,  and  is  known  as  the  "  Stein- 
kohlen-formation,"  and  represents  the  EngUeh  coal-fields. 
The  Mountain-limestone  is  termed  "  Berg-katk  "  in  Ger- 
many, and  is  divisible  into,  1st,  schists,  full  of  Posidonomya>, 
such  as  are  found  also  in  Devonshire  and  South  Scotland ; 
2nd,  Productue-limestones ;  3rd,  silidoua  flagstones,  or 
"  Kieselachiefer." 

■  Sea  Mr.  Godwin-Austeu't  McmoiiB,  Qnort.  Joonk.  Geol.  Soc.,  vol.  ii. 
p.  1,  and  vol.  ix.  p.  231. 

t  See  Jonra.  Gaol.  Soo.,  vol.  xVt.  pp,  47  and  252. 

J  See  Goiniii'B  "  Stelnltohlsii-Forinat.  SacLaen  j"  and  MurchUon  and 
itona, "  On  the  Falasoioii:  Rockiof  Thuringia,"  &c.,  Quart.  Geol.  Jourc. 
voi.  xL 
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la  mitny  parts  of  France  and  Qermany  there  are  isolated 
patcliea  of  coal-strata,  entirely  free  trom  marine  fossils,  uid 
reposing  on  granite  and  other  hypogene  rocks ;  they  are, 
however,  confined  to  small  areas :  as  in  the  Department  of 
the  Loire,  at  Brassac  in  Silesia,  and  many  other  places.  All 
these  deposits  appear  to  have  been  formed  in  lakes,  exiatiug 
on  land-areas  skirted  hy  the  sea  in  which  the  Mountain- 
limestone  was  deposited.* 

In  Central  France,  the  rocks  that  coostitnte  the  eastern 
boundary  of  the  Limagne  d'Auvergne  are  referable  to  the 
Carboniferous  period,  and  present  phenomena  of  a  highly 
interesting  character,  which  were  first  pointed  out  by  Sir 
B.  Murchison  in  a  memoir  "  On  the  Slaty  Rocks  of  the 
Sichon,"  t 

The  mineral  Mruclure  of  the  schists  of  the  Sichon,  theit  pnrple, 
plum -coloured  eileiior,  and  tlieii  fracture,  combined  with  the  aspect  of 
the  sandstones,  grits,  and  conglomerates,  gire  Ihem  a  character  from 
which  few  geologisto  would  hesitate  to  auign  them  to  the  greywacke, 
or  most  ancient  Silurian  or  Cambrian  deposits.  But  Sir  R,  Hurchison,  in 
1851,  obtained  foasils  %  which  prove  that  these  rodu  belong  to  the  Car- 
boniferous series :  the  intnuive  porphyries  of  this  tract  haTing  been 
erupted  after  their  deposition.  Many  of  \he  beds  of  the  coal-field  of  St. 
Bloy,  neat  Montaigne,  are  made  up  of  the  detritus  of  still  older  schists  and 
their  quart!  veins.  Sir  R.  Murchison  could  not  positiiet;  detennine 
whether  IhiB  coal-ttact,  as  well  as  other  numerous  little  cDal-deposiis 
ttiat  extend  along  the  western  side  of  the  Hont  Dor  into  the  Canlal,  are 
not  of  the  same  dateas  the  carboniferous  schists  of  the  Sichou;  but  he 
is  inclined  to  think  them  an  upper  member  of  the  same  group.  At  all 
events,  the  highlj  dislocated  positions  of  the  former,  and  the  mancer  in 
which  they  are  wedged  in  among  more  ancient  rocks,  indicate  that  the 
great  porphj'ritic  eruptions  abore  alluded  to  look  place  subsequently  to 
their  accumulation. 

From  this  occurrence  of  Mountain.limestoiw  fossils  in  strata  of  such 


*  For  an  admirable  exposition  of  the  relaliie  positions  of  land  and 

wnter  during  the  coal-period,  see  Hr.  Godwin-Austen's  Memoir,  in  the 

*  Quart.  Jonm.Geol.  Soo.vol.  ix.  p.  57,  &c.  Seealso  "  8il.  SysU*' p.  148. 

t  Joum.  Geol.  3oc.,  lol.  tiL  p,  5,  &o. 

t  Chonetes,   Phillipsia,    Orthis,   Prodnctus,  Ac,  of   Carbonifbmn* 
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an  tntiqae  ciTitaUiiie  taped,  and  trliich  &r«  highly  dUlooted  and  in- 
cliaed,  and  aie  orerlaid  uaconformablj'  by  certain  coal-fields  of  Fiance, 
it  is  eTidenl  that  Ibere  muaC  bare  been  a  poweHU  dianiption  of  the  oldu 
niembera  of  the  Carboniferoua — tbe  Mountain-limcntone  with  iu  shalea 
and  saDdstones — before  the  superimposed  coal-bearing  deposits  vere  ae- 
Gumulaled.  This  lad  is  of  Ibe  hi^heat  impoi  (ance  in  a  palieoHtoIogic^ 
point  of  Tiew,  since  it  prorea  that  tbe  distribution  of  animal  life  and  the 
chronoli^  of  ancient  mcea  do  not  neceuarily  accoid  with  the  furmer 
physical  revolutions  of  the  earth's  auiface.  This  phenomenon  ig  in  ac- 
cordance with  that  complete  and  absolute  change  in  the  zoology  of  tbe 
Permian  and  the  Trias,  although  theae  depoaila  preaent  scarcely  any 
eiidence  of  mutual  unconformability.  On  the  otber  hand,  whilst  maii; 
of  the  Permian  Prodtieti  approach  closely  (o  Carbooiferous  types,  (here 
has  been  in  many  countries  a  great  break  between  these  two  latter  de- 
posita.  In  Britain  there  has  been  no  general  seierance  between  the  lower 
and  upper  members  of  Ibe  Carbonileious  series,  and  hence  we  possess  a 
Tcr;  full  and  copious  deTclopment  of  all  its  middle  portion.* 

In  Silesia  and  Poland  the  coal-meaauree  are  iaterstrati£ed 
vjth  shalea  and  sandatonea  which  overlie  the  Mountain- 
limestone,  as  in  England  and  Belgium ;  but  in  the  Buasian 
Empire  the  productive  coal-beda  are  aitnated  in  the  Moun- 
tain-limeatone,  and  are  unquestionably  fluvio-marine ;  for 
through  a  thickneaa  of  eight  hundred  feet,  limeetones,  grita, 
and  shales,  abounding  in  marine  ahelle,  alternate  with  beds 
of  coal,  accumulated  apparently  by  driftage. 

In  the  coal-field  of  Tudela  in  Aeturia,  Spain,  there  are 
between  twenty  and  thirty  seams  of  coal.  The  beda  are 
thrown  up  into  a  nearly  vertical  position,  at  an  angle  of 
about  SO'  with  the  horizon.  The  strata  constitute  a  hill 
about  100  feet  high,  and  stretching  from  east  to  west  a  mile, 
and  a  half  from  north  to  south. 

20.    CiBBONIrBBOUB   HTSTEM   OF  NOBTH   AMERICA. — In 

North  Ajuerica,  the  Garboniferoua  system  is  largely  de- 
veloped, and  hag  been  ably  illustrated  by  ProfesBOra  Silli- 
man,  Eaton,  Hitchcock,  Eogera,  Owen,  and  other  geologists. 
The  Btone-coal,  or  Anthracite,  of  Pennsylvania  is  associated 
•  Op.  cit.  p.  B. 
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with  conglomerates,  Bandetonea,  and  ai^laceoua  sluUe ;  and. 
tbe  conglomerates  are  composed  of  quarta-pebblea  like  those 
of  our  Old  Bed  Sandstone.  Deposits  of  anthracite  exiat  in 
Worcester  and  in  Bhode  Island,  of  which  an  admirable  ac- 
count has  been  published  by  Frofeasor  Silliman. 

Extensive  coal-fields  aie  found  to  tiie  west  of  the  Alle- 
ghany Mountains,  towards  the  Miasisiippi ;  and  the  base  of 
the  whole  extent  of  the  plain  of  that  mighty  river  appears 
to  be  Carboniferous  Limestone,  the  strata  of  which  rest 
against  the  Alleghany  Mountains  on  the  east,  underlie  the 
land-plains  on  the  west,  and,  with  the  lower  palteozoic  rocks, 
are  upturned  on  the  flanks  of  the  Eocky  Mountaina  at  Fort 
Ijaramie.*  The  uppermost  layer  of  the  Mountain -limeetnne 
supports  strata  of  bituminous  coal  and  shale.  Iron-stone 
abounds  in  these  deposits ;  and  mines  of  lead  occur  over  a 
district  of  two  hundred  square  miles,  in  tlie  States  of  Mis- 
souri and  lUinoiB.t  The  principal  coal-fields  in  the  United 
States  are  the  Appalacliiaii,  the  Illinois,  the  Arkansas,  and 
the  Michigan ;  the  Appalachian,  wlt^  a  computed  superficial 
area  of  6.3,000  square  miles,  is  726  miles  loi^,  ttad  in  many 
psrts  ISO  wide,  excluHire  of  detached  anthracitic  basins  to 
the  eastward :  the  Great  Westem,  or  IUinois,|  is. much  more 
extensive,  and  has  an  area  as  lai^  as  England^ 

The  Appalachian  coal-field,  before  its  <»dginal  limits  were 
.reduced  by  denudation,  is  computed  to  hare  been  900  miles 
long  and  200  wide.  The  thickness  of  l^e  Carboniferous 
strata  is  Virginia  and  "Western  Pennsylvania  eiceeds  8000 
feet.§  A  large  portion  of  the  coal  is  in  the  state  of  anihra- 
eite,  or  stone-coal,  generally  resulting  from  the  influence  of 
subterranean  high  temperature  at  former  periotb.  For  the 
most  part,  the  bituminous  coal  is  that  which  is  &rthest  re- 

'  Marcou'a  Geo].  Map.        t  Smart's  Traveta  in  the  United  8tate». 
I  Dale  Owen's  Geol.  Survey  of  WisconBin,  Iowa,  ftc;  Lyell  and  Hair 
Report  on  Iha  New  York  EihibiHon. 
i  Professor  H.  D.  Bogera'  Addieis,  May,  1844. 
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moved  from  the  axii  of  the  greatest  dieturbance,  luid  where 
the  strata  have  suffered  the  lost  diapUcement.  In  the  coal- 
fields where  the  boldest  flexures  of  the  Appalachian  chain 
occuri  and  the  strata  hare  actually  been  overturned,  aa  near 
Fottsville,  the  coal  is  invariably  changed  into  anthracite.* 

Tbe  Caibonireroui  system  of  the  United  States  present!  all  the  essentUt 
(^u-aotera  of  that  of  Eagluid.  The  coal-Selds  are  rich  in  iran-ores; 
and  the  Bune  prevalence  of  SligmaTiit  in  the  imderclaj  of  tlie  coal-bedi 
occuTB  aa  conatautl;  as  in  th£  European  cosl-flelda.  TbuB  in  the  coal- 
mines of  Bloaabeig,  Pennsylronia,  the  underclaya  contain  StigmaiiiE  with 
theic  rootlets  extending  in  all  directions,  oa  in  the  uudeidaTs  of  the  Welah 
coal-measuces  3000  miles  distanl.f  At  PotlOTille,  wheTe  the  coal-strata 
are  Tertical  and  worked  in  the  open  air,  the  same  phenanienon  appears. 
Seienl  of  the  caal-seuna,  fioDl  eight  to  ten  feet  duck,  having  been  re- 
moved, a  void  space  -waa  leCt,  and  in  the  wall  on  ddg  side,  correapondins 
lo  the  roof,  were  shales  full  of  letna,  lepidodendra,  cslamiles,  Ac. ;  while 
the  other  ude  of  the  trench  wag  formed  of  the  underclay,  abounding  in 
fitigmance.  These  phenomena  lead  to  conclusions  respecting  the  origin  of 
coal  from  plants  not  drilled,  but  growing  on  the  spot.  But  throughout  some 
of  the  beds  of  undercla;  leaves  of  fern  are  plentifuUj  dispersed,  though 
the  Stigmarta  are  appaientlr  imbedded  in  their  natural  position.^ 
Limeslone  of  marme  origin  is  more  common  in  the  American  coal-fieldt 
Iban  in  those  of  England ;  and  at  Prostburg  f  a  bed  of  black  bituminous 
shale,  ten  or  twelve  feet  thick,  full  of  marine  shells,  is  interstratified  with 
the  coal. 

The  Mountun-limestone  is  thin  under  the  Appalachian  or 
Alleghany  coal-field ;  and  in  Pennsylvania  it  is  represented  by 
red  shale  and  sandstone,  with  thin  limestones,  and  yielding 
valuable  carbonates  of  aaa ;  it  is  thicker  to  the  south  and 
west,  sometimes  dolomitio,  and  is  occasionally  (Southern 
Illinois)  rich  with  lead*ores. 

In  Nova  Scotia  and  Cape  Breton,  the  Carboniferous  form- 
ation is  composed  of  (1.)  an  upper  and  (2.)  a  lower  series 

*  See  the  section  of  the  country  between  the  Atlantic  and  the  Mians- 
sippi,  through  the  AUeghaniea,  in  Lyell's  Travels  in  North  America, 
vol.  i.  p.  92 ;  and  the  admiiable  geological  map  of  the  United  Sistet, 
by  Prof.  H.  D.  Bog«r^  in  Keith  Johnson's  "  Physical  Aflas." 

t  Lyell,  ibid.  pp.  62  and  84.       Z  Ibid.  vol.  ii.  p.  IS.       {  Ibid.  p.  19.' 
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of  coal-measureB,  and  (3.)  the  CarbooiferouB  Limestone,  as- 
sociated with  gypaum,  marU,  and  aandBtoneB.* 

The  OarboniferouB  Limestone  has  also  been  recogniBed  in 
the  Arctic  EegionB.t  South  Ainerica,{  Northern  Lidia,§  and 
probably  in  AuBtralia.|| 

Coal  of  New  Zealand.— H^  coal  found  in  the  north  and 
middle  lalaoda  of  New  Zealand  is  lignite,  more  or  less  com- 
pact, and  referable  to  tertiary  formationi,  according  to  the 
observations  of  Dr.  Diefienbach,  Mr.  Walter  Mantell,  Dr. 
C.  Forbes,  and  others.  But,  according  to  a  communication 
from  Mr.  William  Lyon  to  the  author,  coal  of  a  more  an- 
cient period  exists  about  thirty  miles  from  Christchurcb,  in 
the  valley  of  the  Selvryn.  The  Canterbury  district,  from 
Timaru  to  Waipara,  is  in  many  places  bordered  by  a 
aeries  of  low  undulating  downs,  restuig  upon  the  rugged 
ancient  rocks  which  form  the  vast  boundary-line  of  the 
settlement.  It  is  in  that  portion  of  these  downs  known  as 
the  Malvern  Hills  that  the  coal-formation  occurs.  It  con- 
sists of  the  tuual  ernes  of  limcBtones,  saadstones,  clays  more 
or  less  indurated  and  laminated,  bituminous  shales,  seams  of 
cool  and  clay,  ironstone,  i&c.,  which  usually  constitute  the 
coal-measoreB.  The  limeetone  is  the  highest  bed  seen  crop-: 
ping  out ;  it  is  fossiliferous,  of  a  superior  c|uality,  and  at  least 
sixty  feet  in  thicknesa :  separated  from  this  by  sandstones 
and  shales,  lies  the  main  seam  of  coal ;  the  first  seam  is 
four ;  the  one  beneath,  six  feet  in  thickness.  The  associ- 
ated rocks  contain  seams  of  clay-ironstone,  one  of  them 
abounding  iu  fresh- water  shells — unionei  (?) .  The  laminated 
clays  and  shales  contain  impressions  of  stems  and  leaves 

•  See  Prof.  Dawson's  "Acadian  Geology,"  1955. 
t  Sir  E.  Belcher,  "Arctic  Voydge,"  1855;  Appendix, 
t  A.  D'Orbignj,  Voyage  dans  TAmfir.  M6rid.  rol.  ii!.  p.  Ml. 
j  Dr,  A.  Fleming,  Quart.  Jouiti.  Geol.  8oc.  vol.  ii,  p.  293. 
II  Seethe WoikiofStTielecki,Du'wiii,Jake^M'C(i7,CUri(e,Stntcb- 
1nu7,  &c. 
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of  fenu,  apparently  of  the  genera  Peeopterit  and  Spitnop' 
terit. 

21.   ObOAHIO  BXUAIHS  of  the  OABBOiriTEROra  StBTEK. 

— The  foBsUfl  entombed  in  these  depoBits  comprise  numerou* 
genera  uid  speciefl.  The  animal  remains  are  priscipally 
found  in  the  cidcareoua  and  arenaceous  Btrat«,  and  are  refe^ 
able  to  zoophyta,  radiaria,  cnutacea,  molluaca,  and  fisbea  :. 
and  numerouB  undoubted  relics  of  the  reptilian  order  have 
been  diecoTered.  The  vegetable  foBsila,  besides  constituting 
the  entire  mass  of  the  coal,  anthracite,  £c.,  are  thickly  in- 
terspersed in  the  ahales,  grita,  and  other  intervening  deposits. 
The  shellH  in  the  shales  of  the  coal-measures  are  generally- 
such  as  are  now  represented  by  epedea  living  in  &eBh  or 
estuRrine  waters;  that  is,  forms  related  to  the  TJnio,  Myti- 
lus,  &c. :  but  there  are  intercalated  beds  of  marine  shells  in 
some  localities ;  as,  for  example,  in  Coalbrook  Dale.  In  the 
northward  extension  of  the  Mountain-limestone  of  Britain, 
there  are  intercalations  of  fresb-water  deposits  among  the 
limeBtoacs  and  shales  which  are  fnll  of  marine  sheila  ;  and 
some  of  the  carboniferous  deposits  of  LinUthgowshire  are 
said  to  be  traceable  from  the  fresVwatcr  into  the  marine 
condition.* 

But  the  grand  features  of  the  Carboniferons  system  are 
the  immense  accumulations  of  the  euly  vegetation  of  our 
globe,  presenting  to  us,  in  the  most  legible  and  striking 
characters,  the  peculiar  flora  of  the  remote  epoch  in  which 
these  deposits  were  produced.  To  obtain  any  satisfactory 
results  &om  an  examination  of  these  remains,  some  know- 

•  Mr.  A.  T).;loi  exhibited  and  explained  before  (he  Royal  Fhydeal 

Societj  of  Edinburgh,  January  28,  1857,  a  ■eclion  in  the  BathgaU  HiJii, 
firom  Dechmont  Laws  to  Bilbardie  Houne,  in  which  a  limestone,  coa- 
tuning  fielh-valer  foaaila,  and  equiTaleot  lo  the  one  worked  at  Bnidis 
Hoiue,  ia  leen  gradually  (o  merge  into  another  limeitone,  contuniog 
muine  fonils,  which  ia  umatly  recogniied  ii  the  loweat  bed  of  the  Car- 
bonileioiu  aeriaa. — E(Unb.  Ntw  Fhil.  Jam*,  new  aat.  voL  vi,  p.  1G& 
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ledge  of  the  internal  structure  of  vegetablea  is  lequiute ;  tor 
in  a  foeeil  state  many  of  the  external  characters  are;  for  the 
most  part,  bo  imperfect  or  obliterated,  am  to  afford  but  ob- 
Kore  indicati(»u  of  the  nature  of  the  original.  Aa  in  our 
inveatigatiouB  of  the  foaail  remaina  of  animala  we  availed 
ouTBelvea  of  the  principles  of  c«»npaiati*e  anatomy  to  recou- 
Bbiict  those  extinct  forms  of  being,  in  like  manner  we  must 
now  call  to  our  aid  that  branch  of  science  which  treats  of 
Tegetable  oi^anisation ;  we  ahall  thus  be  enabled  to  restore 
anew  the  forests  of  extinct  tree-f^^is  and  couif^v,  the  jun- 
gles of  calamites,  and  alt  the  luxuriant  vegetation  whidt 
flourished  during  the  Carbooiierflua  epoch.  I  must,  how- 
ever, restrict  myself  to  a  brief  entmciation  of  a  few  leading 
botanical  principles.*  The  works  of  Adol[^e  Brongni^^ 
and  of  Lindley  and  Hutton,^  together  with  tJiose  of  Corda« 
Unger,  Gh>eppert,  Hooker,  Henslow,  Balibur,  and  Henirey, 
should  be  consulted  by  thoae  who  would  pursue  this  atlaiw- 
tive  department  of  natural  history. 

22.  OBSAinEA.TioF  OF  YisBTABLiB.  —  la  the  previous 
discourse,  the  complex  orgMikation  of  the  higher  orders  of 
animal  enstencewae  remarked',  the  structure  of  vegetablea, 
on  the  contrary,  presents  a  remarkable  simplicity.  While 
in  most  animals  each  separate  function  is  efiected  by  an  or- 
gan of  peculiar  construction,  in  plants  a  few  tissues,  vari* 
Dusly  modified,  constitute  the  mechanism  by  which  all  tiie 
vegetable  functions  are  performed.  The  ae^stion  of  uiy  liv. 
ing  plant  shows  that  its  intimate  structure  is  made  up  of 
cells  or  vessels  (see  also  p.  009). §    This  (H'gvuzation  is  iii- 

*  Sea  Uedua  of  Creatioa,  vol.  i.  chapten  4,  5,  ind  6. 

t  Histoira  dea  VfigiUoz  Fouilea,  m  Redieiclkea  BoUni^M  at  Gio- 
logiqnea,  Ac.,  pir  H.  Adalphe  Bronpiiiui. 

t  Tha  Fonil  Flon  of  Qre*t  BiiUuB,  bfDr.  LindlejaiidW.  Uatton. 

i  Every  vegelabla  cell  i«  tha  resoK  of  the  derelopment  of  ■  minuto 
gnumlai  bodj  or  nucleiu,  on  the  ntrfkca  of  vhidi  *  imiqiftiwit  voaicle 
•riaea,  •pieidrng  out  to  u  lo  torm  ■  cell,  wtuioli,  tfterwards  aipuiding 
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ferently  arranged  in  the  grand  clasaeH  of  the  vegetable  king> 
dom.*  In  the  most  simple  group,  the  eellularet,  called  also 
the  acolyled<me»,  from  the  abeence  of  cotyUekmt,  or  seed-lobes, 
the  tissue  is  wholly  cellular,  the  cells  being  nearly  of  equal 
sise  and  consistence  ;  moBses,  lichens,  sea-weeds,  fungi,  Ac., 
are  eiamplea.  These  plants  have  no  flowers,  and  hence  are. 
named  eryptqgamia.  The  vegetables  belonging  to  the  other 
great  class  am  'Mrmed  wttoularet,  &ain  thedr  cfdhilar  tissue 
being  more  complex,  and  aesuming  the  strucDore  of  tubes 
and  vesaeb  ;  imd  phaneroyamie,  &om  their  bearing  ftjwers. 
Their  tisme  is  composed  of  cells  of  variouB  siz^  and  forms, 
and  of  straigbt  md  spiral  tubes.  This  cksa  is  subdivided 
into  two  &m9ieB,  viz.  the  monoeotyledonotti,  so  tiamed  &om 
the  seed  having  hut  one  fleshy  lobe,  or  cotj/ledcm  i_Lign.  162, 
Jig.  5),  as  tile  onion,  lily,  &c.,  and  which  are  idso  odled  en- 
dogenout'(^Qim»g  jrom  tmthin),  because  inctease  tak^  place 
from  the  innermost  part  of  the  stem;  and  thedieoij/ledonous, 
whose  seeds  have  two  lobes  (Jig.  4),  as  the  bean,  almond, 
&c. ;  these  are  likewise  termed  exoffenout,fcoai  the  newmat- 
ter  being  added  externally  to  the  old  lay^^  and  thus  form- 
ing  annual  circles  of  increase,  as  in  the  oak,  elm,  &c.  (Jiff.  8) . 
A  transverse  section  of  the  monoo^yledoiious  #tems  (as  the 
cane,  palm,  Ac)  presenM,  tber^foNs  o(ienitt(^  of  tubes, 
which  are  co^Jtensed  towards  the  'iS^iter  wt&ce  (jSy.  7)  ; 
while  that  of  the  dicotyledonous  exhibits  annular  lines  of 
growth,  with  diverging  rays  and  a  central  pith  (fy.  S)  ;  the 

more  in  puUculor  paita,  Kcquicea  tlie  peculiai  fann  vhich  chaiacMriiea 
the  texlare  to  be  bbricUed-  The  chemiuil  compoulion  of  this  element- 
krj  stroctiue  it  identti^  witk  atuvli.  fn  eveiy  vegetable,  whallier  the 
mJc  or  iLe  fangiu,  thii  primitive  membrane  preaents  the  aaOie  character ; 
and  alt  the  betuUfal  and  apparenily  complicated  liatoea  of  vegetables  are 
but  modiflcatioiu  and  eipaniiana  of  theie  aimpla  eteDienCsry  nucleated 

*  See  Pict.  Atlai,  Supplem.  Notes,  p.  175,  Ac,  tot  a  sketch  of  the 
history  of  FossU  Botany,  vith  an  outline  of  Ad.  Brongniart's  ClasnBcation 
of  Fossil  Plants,  derived  ^m  tlie  "  M«m.  Uua.  Nat.  Hist."  1S22. 
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latter  character  is  of  peculiar  importance,  becaase  ail  the 
otiier  classes  are  destitute  of  a  central  cellular  column. 

In  BOmegroupBof  dicotyledonous  ti«efl  the  elong^edcellBj 
or  w.ood-fibres,  are  Btudded  with  minute  pits  or  transparent 
Bpota  (Jig.  0)  ;  and  this  is  particularly  the  case  in  the  G>ni- 
ftriB,  or  cone-bearing  trees  ;  ho  called  &om  the  fruit  heing  ii^ 


the  form  of  a  cone,  as  in  the  pine,  fir,  Ac.    Transrerse  sec- 
tions of  the  Btems  of  these  trees  show  the  concentric  layers^ 
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or  annular  rings,  and  radiated  structuFe  peculiar  to  the  di- 
cotyledonous elosa.  All  the  trees  of  this  order  secrete  resin, 
have  branched  trunks,  and  linear,  rigid,  entire  leaves  :  speciee 
are  found  in  the  coldest  as  well  as  in  the  hottest  regions.  In 
this  magnified  view  of  a  slice  of  the  common  fir  (Jig.  2),  the 
pita  are  seen  to  be  arranged  in  double  parallel  lines.  In  a 
remarkable  family  of  pines,  the  Araucarits,  these  little  spots 
are  placed  alternately,  and  sometimes  in  triple  rows.  The 
Araucaria  is  a  native  of  and  peculiar  to  Norfolk  Island,  in 
the  South  Pacific.  This  small  island,  which  is  only  about 
fifteen  miles  in  circumference,  presents  a  scene  of  the  moat 
luxuriant  vegetation,  and  abounds  with  this  particular  group 
of  pines,  some  of  which  attain  a  height  of  two  hundred  feet, 
and  a  circumference  of  thirty. 

In  the  Boyal  Botanic  Glarden  of  the  University  of  Breslau 
ia  a  fossil  stem  of  the  Pinitet  proiolarix  (from  the  Brown- 
coal  of  Laasan  in  Silesia),  which  is  thirty-six  feet  in  circum- 
ference, which  is  reputed  to  have  posBcssed  between  4000 
and  5000  annual  rings  1  (Gceppert.  See  p.  671).  Theliving 
WelUngtoma  or  Sequoia  gigantea  has  a  height  of  three  hun- 
dred  feet,  and  a  diameter  of  from  twenty  to  thirty  feet. 

Even  in  the  foliage  of  the  different  families  of  plants,  there 
are  such  obvious  distinctive  characters  that  the  botanist  con 
often  from  a  mere  fragment  of  a  leaf  detect  the  dicotyledo- 
noua  structure  in  the  reticulated  nervation  of  a  leaf,  as  in 
that  of  the  oak ;  and  the  monocotyledonous,  in  the  smooth 
parallel  veins  in  that  of  the  lily.  The  application  of  these 
principles  to  the  investigation  of  the  fossil  remains  of  vege' 
tables  we  may  now  consider. 

23.  Gluuti  afd  Seas  ok  b  nranoATsn  3t  IE'osbil 
Wood. — In  the  course  of  these  Lectures,  it  has  been  de- 
monstrated how,  by  a  knowledge  of  comparative  anatomy^ 
the  form,  structure,  and  economy  of  beings  long  since  ob- 
literated from  the  face  of  the  earth  may  with  certainty 
be  determined ;  in  like  manner,  by  the  aid  derived  from  a 
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few  botanical  principles,  we  may  not  oalj  discorer  tbe  form 
and  character  of  regetablea  of  which  but  the  faintoBt  reetiges 
remain,  biit  also  point  out  important  inferences  relating  to 
tbe  state  of  the  earth,  the  nature  of  tbe  climate,  and  even  of 
the  BeaoouB  which  prevuled  at  tbe  praioda  when  those  planta 
flourished.  Mr.  Babboge  hoe  admirably  exemplified  the  in- 
ductive process  by  which  snch  results  may  be  obtained : — 

"  Wa  bftTe  Hm  Uut  dicotjledonoui  Ines  increaie  in  aiia  by  llie  de- 
poillion  of  tn  addiUopil  Ujiflt  uiniudtj  between  the  wood  aod  the  Iwrk ; 
and  tbtt  ft  tmurene  wcUon  of  inch  tna  preMnti  IJm  ■ppeuvDce  of  ■ 
series  of  neuly  conceatric  irregnlu  ring*,  Ihe  nnmbei  of  which  mdie&ia 
the  age  of  the  ti«e.  The  reUtiTe  Lhickueu  of  thne  umulu'  mukingi 
depend*  on  the  more  or  len  Souiiahing  state  of  the  plant  during  the 
Jean  in  which  the;  were  formed.  Each  ring  at.j,  in  some  trees,  be  ob- 
■erred  to  be  subdivided  into  others,  ihns  indicsLing  auccesaive  peiioda  of 
the  BBme  year  during  whidi  ita  vegetation  waa  adTanced  oi  checked. 
Tbeie  rinp  are  disturbed  in  certain  paita  by  ineguiariiie*  reaoltitig  from 
branches ;  and  the  year  in  which  each  branch  first  sprang  from  the  pa- 
rent tlDck  may  therefore  be  aecertained  by  proper  Kccions.  These  pro- 
minent eflects  are  obTious  to  our  senses ;  but  erery  ahowet  that  faUa, 
every  change  of  temperature  that  occurs,  and  erery  wind  that  blows, 
leaTcs  on  the  vegetable  worid  lbs  traces  of  its  passage ;  sli^t,  indeed, 
and  imperceptible  perh^ia  la  us,  bat  not  ths  leas  permanently  recorded 
in  tbs  depths  of  those  woody  fabric*. 

"  All  Ihtte  indications  of  the  growth  of  the  living  tree  are  preserved  in 
the  fossil  trunk,  and  with  (hem  also  frequently  the  history  of  its  partial 
decay.  Let  us  now  eiamine  the  use  we  can  make  of  these  detaHs  rela- 
tive to  individual  trees,  when  coosideriag  forests  aobroerged  by  seas,  in> 
bedded  in  peal-mosaes,  or  tnuufarmed,  as  in  some  of  the  hai^r  stmU^ 
into  stone.  Lst  us  imagine  that  we  poaaesaed  sections  of  the  Imulu  of 
s  considerable  number  of  trees,  such  as  those  occurring  in  tbe  stratum 
called  the  Dirf-btd  in  the  Island  of  Pcrlland  .■  If  we  were  to  select  a 
number  of  trees  of  about  the  same  size,  we  should  possibly  find  many  of 
them  to  have  been  conlemporaries.  This  fact  would  be  rendered  pro- 
tiable,  if  we  observed,  as  ire  doubtless  should  do,  on  elaminmg  the  SB- 
nuol  ruig*,  that  some  of  them,  conspicnons  Ibr  their  siie,  occurred  at  the 
same  distances  of  years  in  several  trees.  If,  for  example,  we  found  on 
several  trees  a  remarkably  large  annual  ring,  followed  at  Ihe  distance  of 

■  See  above,  vol.  i.  p>  396, 
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•even  yetat  by  a,  temaikabl}'  thin  ring,  and  thia  agnin,  aSttx  two  yean, 
■ucceeded  by  Rnolher  Isige  ring,  we  should  leaton&bly  infei  bom  Iheae 
trees,  that,  seiea  yeaiB  aftei  a  seaaon  highly  faioniable  to  theit  growth, 
there  had  occurred  a  aeasoD  unfavourable  to  them ;  and  that  after  (wo 
more  yean,  another  Tery  fkTourable  aeaaon  had  happened ;  and  that  all 
the  trees  ao  obserred  had  eiiated  at  the  mme  period  of  time.  The  na- 
ture of  th«  leMon ,  whether  hot  or  cold,  wet  or  dry,  would  be  known  with 
■ome  degree  of  probability,  Ijom  tbe  claaa  of  tree  under  eiaminatton. 
Thia  kind  of  erideoce,  though  slight  at  first,  receiTet  sjldilional  and  great 
confirmation  by  llie  diicoTery  of  eiery  new  ring  which  supporta  it ;  and, 
by  a  considerable  concurrence  of  such  obserratious,  the  succeiaiaii  at 
•easons  might  be  ascertained  in  geologies]  periods,  howeTer  minute." 

24.  MicBoecopio  izauibatioh  ot  fossil  tbebb.* — 
The  discovery  of  a  process  by  which  the  structure  of  fossil 
Tegetables  can  be  examined  with  sa  much  &cility  as  that  of 
Koent  plants,  has  shed  an  unexpected  light  on  the  andeat 
botany  of  our  planet.  On  this  plate  of  glass  jou  perceive  a 
thin  film  of  a  dark  substance,  apparently  of  varnish.  It  is 
a  slice  of  the  blackest  jet ;  and,  if  held  between  the  eye  and 
the  light,  appears  of  a  rich  brown  colour,  and  displays  a  lig- 
neous structure,  reseffibling  that  of  deal  or  fir :  it  is,  in  fact^ 
a  thin  section  of  fossil  eoniferouB  wood ;  for  jet  is  nothing 
more  tbui  the  wood  of  some  species  of  fir  or  pine,  that  has 
undergone  the  process  of  bituminization,  as  I  shsU  presently 
explain.  When  viewed  under  &  microscope,  the  small  pit* 
tings,  which  I  have  mentioned  as  peculiar  to  the  Cbm^nv 
(£i^.l62,.;t9>*.  2  and  8),  are  distinctly  visible.  Theotber^e* 
cimens  before  us  are  silidfied  woods,  prepared  in  the  same 
manner.  A  few  words  in  explanation  of  the  mode  by  which 
sections  of  such  extreme  thinness  are  obtained  may  not  be 
uninteresting.  A  slice  is  first  cut  from  the  fossil  wood  by 
the  usual  proeess  of  tbe  lapidary ;  one  sur&ee  is  ground  per- 
fectiy  fiat,  and  polished,  and  then  oemented  to  a  piece  of 
plate-glass  by  means  of  Canada-balsam  ;  the  slice  thus  firmly 
attached  to  the  glass  is  next  ground  down  to  the  requisite 
■  Medals  of  Creation,  toI.  i.  p.  C5. 


■..iit,,CoogIc 


716  THE  WOIfDEBS  OF  aEOUtOT.  Lin.  VQ. 

d^ree  of  teaxuitj,  eo  u  to  permit  its  structiire  to  b«  seen 
by  the  aid  of  the  microscope.  It  is  bjr  this  ingenious  pro- 
cesa  that  the  intricate  itructure  of  aoj  foeail  plant  can  now 
be  investigated,  and  the  nature  of  the  original  determined 
with  as  much  accuracy  as  if  it  were  recent.* 

A  meUiod  discovered  by  Dr.  Frssi  Scbuli,  of  detecting  the  intemil 
TegeUble  itructure  ia  ligoile,  coal,  mthracite,  Ac,  coiuula  in  treating  the 
corI  with  nitric  acid  in  a  platinum -lessel,  and  then  evapoiatiiig  the  acid 
by  a  moderate  heat,  and  igniting  the  reaidue  until  no  furthei  empyreu- 
nutic  Taponra  are  givcD  off;  the  lesidue  ia  submitted  to  the  action  of 
nitric  acid,  and  the  ignition  repeated.  Thua  prepared,  the  coal  is  placed 
io  a  platinum -ciucibie  vith  a  lid  perforated  in  the  centie,  and  air  ia  bloim 
firom  a  gasometer  through  the  aperture  in  the  lid,  while  the  crucible  is 
kept  at  a  red  heat  over  a  apirit-lamp,  ao  that  the  coal  ia  alovly  con- 
■umed.  The  ath  thna  obtained  ia  not  in  the  state  of  coke,  aa  Tould  be 
the  caae  in  the  ordinary  method  of  incineration,  but  forma  a  brown  pow> 
der  full  of  white  aplintera.  Tbese  Bplialers,  on  microacopical  eiamin* 
atioDi  are  found  to  be  the  ailidoua  cellular  structuie  of  the  original 
vegetable.  By  thia  proceaa  vegetable  tiaaue  haa  been  detected  in  the 
ottthraeitt  oi  atone>coal  of  Penuaylvania,  by  Dr.  Baily.f 

The  experiment*  and  observationa  on  the  atructuce  of  plants  by  the 
Ber.  J.  B.  Reads  have  biou^t  to  light  some  interesting  facta  in  illuni«- 
tion  of  thia  subject  Mr.  Beade  atatee  timt  "  by  the  agency  of  heat  the 
aurronndini-  ailicioua  matter  may  be  liquefied,  and  the  carbon  and  gaa- 
emu  products  of  the  wood  dispelled,  while  the  esaenUal  charactera  of  the 
fibrous  and  cellular  structure  are  undialurbed.  The  uncouaumed  por- 
tions, which  alone  constitute  the  true  vegetable  frame-work,  are  thus,  as 
It  were,  mounted  in  the  fluid  ailjca.  This  property  of  vegetable  fibre  of 
(Staining  its  Ibrm,  notwithatanding  the  action  of  a  high  temperature,  ang- 
geated  to  me  the  probability  of  detecting  atmctura  in  the  aabea  of  coal; 
*nd  upcffi  examination,  I  found.tbat  the  white  ashes  of  'slaty  coal '  fiir- 
niah  most  beautiful  examples  of  vegetable  remains."  In  asdbsequeni 
paper  the  author  adds  the  following  remarks : — "  Having  wcertained 

*  See  H.  Wltham'a  "  Observations  <m  Foisil  VegeUbles,"  with  plale* 
of  the  internal  structure  of  plants;  also  Prof.  J.  Quekett'a  "Histological 
Lectures,"  and  "Histol.  Catal.  Roy.  Coll.  Surgeona;"  Alex.  Btysan'a 
pi^ier  on  Preparing  Fossils  for  Microacoplc  Invest^tion,  Edinb.  New 
Fbil.  Joum.  N.  S.  vol.  liL  p.  297 ;  and  Dr.  Corpenler'a  Micnueop*. 

*■  American  Journal  of  Science,  2ad  seriea,  vol.  iL  p.  124. 
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QM  Ihe  dlicioM  o^mizalion  of  recent  planta  ia  not  destniolible,  eren 
under  Ihe  blow-pipe,  it  appeied  to  me  a  naturBl  inference,  that  the  less 
intenae  heat  of  a  common  fire  would  not  destroy  this  silicious  tiaaue  in 
the  coal-p!anl8 ;  and  my  opinion  has  been  confirmed,  for  I  haye  detected  in 
the  white  aahea  of  coal  all  the  usual  forma  of  yegalable  structure,  vii.  cellu- 
lar tiaflue,  smooth  and  apiral  fibre,  and  annular  ducta.  A  compwLaon  of  the 
ashea  of  coal  with  those  of  recent  planta  would  doubtlesa  afford  some 
further  insight  into  the  nature  of  fosail  vegetables.  To  mention  only  one 
instance,^!  hute  ascertained  that  the  lumpa  of  oarboniied  matter  which 
occur  abundantly  in  lie  Upper  Sandatono  near  the  Spa  at  Scarborough 
are,  in  aU  probabiUty,  portions  of  the  sterna  of  aome  arundinaceous  or 
gramineous  plants.  The  alruclure  of  the  epidermis  is  precisely  similar 
to  that  of  the  oat,  consisting  of  parallel  colnmns,  set  with  fine  teeth,  dOTO- 
failing,  as  it  were,  into  each  other,fwhile  Ihe  underlying  tissue  consists 
ofcubicai  cells,  a  thin  horiionlalaectioneihibiting  a  aeriea  of  squares. 
From  iheae  facts  it  is  e»ident,  that  the  true  framework  and  basis  of  le- 
getahle  structure  in  the  plants  of  coal  is  not  only  entirely  independent  of 
carbon,  but  that  it  has  also  resisted  the  bituminous  decomposition  which 
has  converted  all  the  carbonaceous  materials  into  a  highly  inflammable 

Another  plan  for  facilitating  the  mloroacopical  examination  of  coal  ia 
63  follows :  t— Soak  the  coal  or  lignite  in  a  aaturated  aolution  of  carbonate 
of  soda  for  from  ten  lo  fourteen  days,  when  it  will  be  much  softened,  and 
fine  alices  maybe  cut  from  it  with  a  razor  or  scalpel;  place  the  alices  in 
strong  nitric  acid,  until  they  become  somewhat  bleached;  use  them  with- 
out delay,  and,  if  desirous  of  preserTing  the  preparations,  mouut  them  in 
glycerine- 
Prof.  Morris  recommends  a  ready  mode  of  preparing  coal  for  exa- 
mination,— boiling  the  small  fragments  in  nitric  add,  washing,  and  exa- 
mining them  at  once. 

25.  Natttee  OS  Coal. — In  this  stage  of  our  inquiry 
fhe  nature  of  the  procesa  by  which  vegetables  are  eoDverted 
into  the  mineral  substance  termed  Coal  requirea  additional 
conaideration. 

tinder  the  microscope  a  thin  slice  of  true  coal  exhibits  minute,yellowi9h, 
»Bmi-transparent  particles,  with  an  intermediate  deep-brown  anbatance. 
The  amber-coloured  materia!  is  of  a  bituminous  nature,  and  so  Tolatile 

■  Journal  of  Science,  toI.  ii.  p.  413. 

-I-  For  the  explanation  of  this  method,  the  Editor  ii  indebted  to  Prof. 
Uenlrey.    See  fUio  Micropn^h.  Did. 
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M  la  be  readily  expelled  bjr  beU  bolbra  ths  tazture  of  the  coal  m  i 
ftrojed.  When  the  slice  is  taken  in  one  direction,  the  yellow  ptutictes 
teen  to  be  claegMed;  vhsn  out  at  right  u^W  minute  dn 
tione  of  theae  bitanuoovi  bodiaa  are  obaened,  appearing  like  cdli  packed 
ctoMi]' togeiher.  The  interoediate  brown  eubalBnoeDan^la  of  Tegetable 
flbiee  and  eaithy  matter.  The  lengthemng  out  or  the  componsnt  jel- 
low  particles  is  eridenll;  due  to  the  compnamon  of  Ujei  od  layer  of  Iho 
carbonaeeoua  matter ;  hence  the  teadincaa  with  vhich  coal  nanallj 
breaks  into  cubical  maaasi ;  tke  line  of  fracture  paaaing  between  and  pa> 
rallel  witli  the  comprised  puticlM  □□  four  aidss  of  the  cabs,  and  acroaa 
them  at  rj|ht  anglea  to  their  length,  on  the  other  two  aides  of  the  cube. 
The  Mine  mie  ia  necessarily  followed  in  the  clesvage  of  arety  nibslanca 
containing  either  elongtied  partides  or  elongated  oaviUes, — whether  it  be 
elay-Blale  or  mica-schist,  timber  or  pie-cmst. 

The  yellow  bituminous  particles  in  the  coal  are  the  chemical  result  of 
the  decompositiiHi  of  the  old  Tegetable  matter,  consisting  of  the  loose 
woody  and  pithy  tissue,  chiefly  of  Sigillaria,  LipidodtnJra,  ind  Calamittt, 
which  formed  the  great  swamp-Jun^es  of  (he  coal-period.  Layer  after 
layer  of  ikese  dead  trees  accumulated  as  swampy  peat,  intermingled  here 
and  there  villi  tree-fetus  and  coniferous  trees,  brought  from  higher  groutid 
by  floods  and  freshets,  and  occasionally  oreilaid  by  sand-  and  day-beds ; 
and  the  pulpy  mass  of  black  carbonaceous  mud,  similar  to  what  may  now 
befoondat  the  months  oflhetnipical  rivers  BJid  in  the  swamp*  oF  the  Mis' 
sisaippi,  underwent  those  gnuialions  of  change  which  conrerted  the  woody 
Abre  of  the  plants  into  the  hydrocarbon  of  the  cosl.  Hence  the  endleas 
varietiea  of  cannel-eoal  and  ordinary  coal.  The  former  not  unfrequenlly 
eontaius  the  remains  of  ^ntAra«an<e,  ifynlmo,  and  Fishes,  and,  at  Picton, 
.  ofReptile*.  Cannel-ooal  has  more  earthy  and  animal  matlerlhon  common 
coal  contain* ;  and  frequently  alternations  of  thin  layers  of  earthy  cannel 
and  bright  blsck  bituminous  coal  are  obseirable  in  common  coal. 

The  Bogliesd  or  Torbsne  Hill  coal  {"Bitumenite"  of  Dr.  Trail)  appear* 
to  be  a  modificBtion  of  the  uausl  fonn  of  cannel-coal ;  the  conslituent  bi- 
tuminous particlea  being  larger,  less  compressed,  and  more  radiated  in  their 
inner  structure.  The  "Albenite,"  found  at  Hillsborough,  New-Bmns- 
wick,  ia  still  more  bituminous,  and  is  amorphous  in  its  compositian. 

lu  the  dust  and  the  ashes  of  coals  frsgments  of  reticulated  and  dotted 
tissue,  and  of  pitted  fibres,  may  be  readily  found,  forming  interesting  mi- 
oroscopical  objectk.  The  scalsriform  tissue  of  SigiUaria  is  not  un  frequent 
in  the  cannel-coals.  Even  in  the  anihrscite  or  stone-coal  of  Nrath 
America,  which  ia  a  hard  slaty  rock,  the  Yasoulsi  ti«*ne  may  be  rendered 
distinctly  Tisible. 

The  best  specimens  of  pitted  fibre  [coniferons  wood]  are  oblsined  from 
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tlu.  ivttj  <^MeM\-lOa  nbiUnce  oftm  imb  ob  freih  nufacef  of  coaL 
This  "  mothei-charcoal "  ii  luppoanl  to  be  Iba  lalici  of  the  iliiflEd  coni- 
fen,  tbs  wood  of  which  appean  not  to  hsTe  readilj  min^Ml  viUi  th* 
(waanp-peat.* 

Mr.  PukinaoD,  vhoaa  work  on  Oigauie  BemaiM  almiiid*  in  intanst> 
ing  obierration*  and  espwinisDU  on  the  tbuiliutkni  of  vegBtabl*  inb- 
■tanom,  h«  aifued,  that  the  fbimation  of  coal  hai  depended  upon  4 
dtange  which  all  vegetabi*  matter  undergnes  when  exposed  to  heat  and 
miHBtnre,  under  drcnntatancaa  that  exclude  the  air,  and  prerent  the 
eec^M  of  themonTtdatile  piinoiplea.t  In  thii  condition,  a braientation, 
which  he  tenns  the  bitBrninom,  take*  pbcat  of  which  the  phenomenon 
exhibited  hj  nuHe-bynit  hay  it  a  familiar  example.  The  production  of 
ngar.  and,  bj  continuance  of  the  proceaa,  of  nnegar,  ia  effected  b;  to* 

*  Beeidea  the  works  of  Ljell  alieadj  alluded  to,  and  De  la  Becbe'e 
"Geolog.  Obierrer,"  and  other  general  treatiaei,  eepeciall;  Prof.  Ansted'i 
"  Blem.  Conrae  of  Geology."  ftci,  the  Btndent  ia  eapeciall}'  referred,  fbr 
the  conaideratioQ  of  the  nature  and  structure  of  coal.  Id  the  following 
workEi:  Dr.  Redfera  "On  the  Nature  of  the  Torbane  Hill  and  other  Ta- 
lietiea  of  Coal,"  Quart.  Jouni.  Microac.  Science,  vol.  iii.  p.  106;  Prof. 
Balfour  "  On  the  Stmctuie  of  Coal,"  Annala  Nat  Hist.  2nd  ser.  toI.  xir. 
p.  229;  Prof.  Quekett  "On  the  Intimate  Structure  of  a  Peculiar  Com- 
bustible Mineral  from  the  Coal-measures  of  Toibane  Hilt,  near  Bathgate, 
Linlithgowshire,"  Transact.  Microsc  Soc  N.  S.  toI.  ii.  p.  M  ;  Dr. 
Hooker  "On  the  Vegetation  of  the  Coal-period,"  Mem.  Geol.  Survey, 
Tol.  U.  part  2;  Prof.  Harkness  "On  Coal,"  Edinlj.  N.  Ph.  Joum.  lol. 
Ivii.  p. 66,  and  "On  Mineral  Charcoal,"  ifr.N.S.Tol.i.  p.  73  ;  Prof.  J.  W. 
Dawaou  "On  the  Goal-measuriia  of  the  South  Joggins,"  Quart.  Joum. 
Geol.  Soc.  Tol.  X.  p.  1 ;  Mr.  G.  Tate's  "  Fossil  Flora  of  the  Uountam- 
Limestone  Formation  of  the  Eastern  Borders ; "  and  his  papers  on  tb* 
mbject  in  the  Trans.  Berwickih.  Nat.  Field-club,  'ol.  iii.  pp.  134,  19S, 
and31B;  and  Hr.  Newberry  "On  Cannel-coal,"  Americ.  Joum.Scimce, 
2nd  ser.  vol.  wiiL  p.  212.  and  Edinb.  N.  Ph.  Joum.  N.  S.  toL  t.  p.  3M 
and  vol.  Ti.  p.  368. 

Many  laluable  remarkfi  on  the  aimilaiity  of  physical  and  chemical  con* 
ditiona  exhibited  by  peat-moss,  lignite,  and  coal  are  to  be  found  in  the 
"EMayg  on  the  Natural  Uiatory  and  Origin  of  Peat-moss,"  by  the  Rer. 
R.  Rennie,  Sto,  Edinbur^  I8I0;  and  also  in  Leo  Leaquerenx'a  Me- 
moir in  the  Bullet.  Soc.  Sc.  Nat.  Nenchaiel,  toI.  i-  p.  471,  and  Quart, 
f  aura.  Geol.  Soc.  vol.  iv.  part  2,  Miicell.  p.  30. 

t  Organic  Remains  ofa  Fomier  World,  vol.  i.  p.  ISI. 
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||eU.b1e  feimeatatioii  in  (be  open  &ir.  In  the  procsn  of  luy-makiitg,  ths 
■accluTme  fermentalion  is  indnced,  uid  the  gram  tcqiiirea  ■  pecoliax  fn* 
.  gnnce  and  sweetDea ;  but  in  wet  seuooi,  when  the  buy  is  premsturelj 
heaped  togelber,  tba  Tolalile  principles  cannot  esupe  from  the  inner  man 
of  vegetable  matter,  beat  ia  rapidly  erolTcd,  a  dense  Tapour  exhales,  and 
al  length  flames  break  forth,  and  the  slack  ia  consumed.  When  the 
process  ii  interrupted,  and  combualion  preientsd,  the  hay  is  found  to 
have  acquired  a  datk-brown  coloar,  a  glued  or  oily  surface,  and  a  bita- 
minous  odour.  Were  vegetable  substsBces,  under  the  drcumalance* 
here  described,  placed  beneath  great  premure,  so  as  to  confine  the  gaseous 
element^  bitumen,  lignite,  or  coal  migbt  be  produced,  according  to  the 
Tarioua  modifications  of  the  process.  Vegetable  matter  is  thus  traced 
through  every  stage  of  the  aacchaiine,  vinous,  acetous,  and  bituminous 
fermentations  ;  producing  alcohol,  elher,  naphtha,  petroleum,  bitumen, 
amber,  and  even  the  diamond ;  and  explains  that  by  the  process  of  bitu- 
tninizatiun  stems  and  brancties  have  been  converted  into  brown-coal, 
lignite,  jet,  coal,  and  anthracite. 

According  to  analyses  made  at  the  Museum  of  Practical  Oealogy  * 
the  Newcastle  Coal  has  a  specific  gravity,  varying  from  1.23  to  1.31,  and 
consists  of 

Carbon      from  78.01    Ui  85.58 

Hydrogen   —     5.04   —   5,5S 

Nitrogen     —     0.73   —   1.84 

Sulphur      —     0.71   —    1.65 

Oxygen       —      2.40  —10.31 

Ash  —     2.14  —   9.12 

The  percentage  of  coks  left  by  this  coal  varies  from  35.60  to  72.31. 

Iron-  and  copper-pyntea  abound  In  many  of  the  beds  of  coal  {  f  and, 
indeed,  these  metallic  substances  are  very  generally  met  with  in  ac- 
cumulations of  carbonized  vegetablea.  The  carburetled  hydrogen,  with 
the  acid  and  extractive  matter,  reauliing  from  vegetable  decomposition, 
are  adequate  lo  produce  copper-pyrites,  and  even  metallic  copper,  &om 
water  holding  salts  of  copper  in  solution.  The  pyrites  so  abundant  in 
the  Wealden  strata  of  the  Isle  of  Wight,  in  the  Gault,  the  Kimmeridgs 
Oay,  the  Lisa,  and  other  formations  has  originated  from  this  cause.  - 

Profl  W.  B.  Bogers  has  some  interesting  remarks  on  the  origin  and 
accumulation  of  the  proto-carbonate  of  iron  in  coal-measures,  in  SiUimaii'i 

*  The  Parliamentary  "  Reports  on  the  Coals  suited  to  the  Steam  Navy," 
by  Sir  De  ta  Beche  and  Dr.  L.  Playfair,  184S-51. 

t  Some  observations  on  the  presence  of  certain  metals  in  coal  will  bo 
found  in  the  Heport  of  the  Brit.  Assoc.  1856,  SeoL  p.  51. 
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Journal,*  irhere  be  shows  that,  aceompanylnj  the  coal-beds,  were  depo- 
sits cDntaining  much  oigsnic  matter,  and  impregnated  with  sesquiozide 
of  iron,  which  b;  the  inflaence  of  the  changing  Tegetable  mailer,  and  the 
eiiiill«d  carburetted  hydrogen  and  carbonic  Bcid,  became  converted  into 
the  prolocaibooate.     (See  p.  767,  neti.) 

2S.  LiEBia.oN  THE  FOBUATioir  07  CoAi. — The  natuTS 
of  these  changes  is  thus  explained  by  the  eminent  chemist. 
Baron  Liebig.     Vegetable  aubstances  after  death  undergo 

two  processes  of  decomposition  ;  namely — 

1st-  Femuntalion  or  d«ay,  which  is  B  slow  process  of  combustion  (ert- 
macausu),  la  which  the  combustible  parta  of  ■  pUnt  Unite  wilh  the 
oxygen  of  (he  atmoapheie ;  for  the  decay  of  wood}'  fibre  in  contact 
wilt  air  or  oiygen  eonierls  the  latter  Into  an  equal  Toluroe  of  car- 
bonic add  ;  Ibe  presence  of  water  and  a  certain  temperature  being 
necessary.     Woody  fibre  in  a  state  of  decay  forms  Aumui. 
2dly.  Jfouifcrinp  OT  putrefaction  of  wood  subjected  to  the  action  of 
water,  and  more  or  less  excluded  from  the  air.    When  pure  lig- 
neous fibre,  as  linen,  for  example,  is  placed  in  contact  with  water, 
considerable  heat  is  evolved,  and  the  vegetable  matter  loses  its 
coherence,  and  becomes  a  soft  friable  mass ;  in  short,  it  uudergoei 
a  true  putrefaction. 
When  all  access  to  air  is  excluded  and  consequent  oxidation  and  a 
reoioval  of  a  certain  quantity  of  hydrogen,  then  other  changes  ensue,  and 
true  mineral  coal  cootaining  combustible  oils  is  Ibe  result.    In  deposits 
or  wood-coal  changes  sue  still  going  on,  as  is  proved  by  the  issue,  from 
clefts  in  the  rocks  of  the  coal-fonnatian,  of  inflammable  gases;  such  as 
carburetted.  hydrt^en,  nitrogen,  and  olefiant  gas.    Thus  from  the  con- 
tinual removal  of  oxygen,  in  the  form  of  carbonic  acid,  from  layera  of 
wood-coal,  that  aabslance  gradually  approaches  in  its  composition  to 
mineral  coal.    From  the  latter  hydrogen  is  disengaged  in  the  form  of  a 
compound  (hydra-catbon) ;  and  the  removal  or  all  Che  hydrogen  gives 
rise  to  anthracitt  or  stone -coal,  t 

The  cbemic-al  changes  of  this  nature,  wbich  are  continually  taking 
place  in  carboDiferous  deposits,  gire  riselo  those  evolutions  of  carbonic 
acid  (fhok»-damp)  and  carbiiretled  hydrogen,  or  firt-damp,  which  are 
frequently  so  btal  to  the  miners.  And  it  is  a  fact  worthy  of  remark,  aa 
corroboraUve  of  the  opinions  above  advanced,  that  the  bituminous  quality 

•  New.  Ser.  toI.  xxi.  p.  339. 
t  Liebig's  Chemistry,  translated  by  Profenor  Flaybir. 
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of  lliA  cod  depends  on  [he  unlure  of  the  bed  which  immeduttel;  coten  it. 
If  this  be  ugillaceoiu  ahaie,  fite  escape  of  Ihe  gawoiu  malUr  of  the  uoal 
ii  prerented  ;  but,  if  the  roof  be  aTeiiaceoDa,  the  gas  is  erolTed  from  the 
coal,  uid  collects  in  the  innuntenble  Uasiue*  and  pores  of  tbe  aandatone, 
vhich  become  filled  viih  c&rbiiretted  hydrogen,  uid  form  aa  it  were  a 
gaaomeler.teady  to  eiplode  upon  an;  occasion.  Mt.  Hutloa  is  of  opinian 
that  Ihis  gas  eiisls  in  a  highly  coadensed,  and  eren  liquid,  state  in  the 
pore*  of  the  coal ;  and  that  ttie  small  explosioDS  (tenned  by  the  miners 
emclationa)  which  often  take  place  when  the  coal  ia  alruck  wiUl  a  piclE, 
are  due  to  the  sudden  expansion  of  the  condensed  gas.* 

Caiburetted  hydrogen  obtained  arlillcially  from  coal,  peat,  oil,  and 
wood.t  it  well  known  ta  "  gas,"  of  which  such  luge  supplies  ate  now 
needed  for  the  lighting  of  our  towns.  This  gas  is  thrown  out  naturally  from 
the  coal-deposila  of  many  diatricU  ;  and  is  sometimes,  under  those  circoin- 
Btancea,  used  for  economical  purposes.^  The  fire-teraplea  of  Western 
Asia  were,  and  atill  are,  supplied  from  thi^  source  ;  at  some  salt-works  in 
China,  they  haie  loog  used  this  inflammsble  gas  in  evaporating  the  brine, 
and  lighting  the  premises;  the  town  of  Fredonia,  in  New  York  State,  is 
lighted  by  means  of  a  local  supply  of  the  gas;  in  tbe  Hepburn  Colliery, 
the  gas  from  Ihe  coal  is  used  (o  light  tlie  stables  ;  and  at  Wallsend,  a  large 
qaantity  of  gas  (ll.IXX)  hogsheads  a  minute)  ia  brought  to  the  surface  by 
iron  pipes,  and  wasted. 

27.  BiTDMBH,  PsTEOLETTM,  Naphtha, — The  cbangei  ef- 
fected in  vegetable  matter  during  its  conversion  into  coal 
also  give  rise  to  rarious  bituminoiui  productiona. 

Mineral  oti  is  an  inflammable  fluid  which  often  occurs  in  carboniferoul 

deposits,  somelimea  forming  powerful  springs.  Ifaphlha  is  anothet  liquid 
of  this  nature,  which  is  nearly  colourless  and  transparent,  bums  with  a 
blue  flante,  emits  a  atrong  odour,  and  leaves  no  residuum.  In  driving  a 
level  through  coal -shale  in  Deibyahire,  apriuga  of  naphtha  burst  faitb,  and 
uoveied  the  surface  of  the  water  in  the  level ;  and,  having  been  accident- 

*  Sir  H.  De  1b  Beche,  Geological  Manual,  3d  edit. 

t  An  intereating  Report,  cm  the  Produce  and  Value  of  Wood-gasea,  i* 
published  in  the  Franklin  Institute  Journal,  No.'SSO,  Aug.  1857,  p.  126. 

t  De  la  Beche's  Geol.  Observ.  p.  409 ;  Tate'a  Fossil  Flora  of  the 
Baetera  Borders,  p.  316.  See  also  Report  of  Lyetl  and  Faraday,  on  the 
Explosion  at  the  Haswell  Collieriea,  Bvo,  1844  ;  with  Vertical  Section  of 
the  Haswell  Colliery.  Durham :  also  other  Parliamentary  Reports  on 
Ijiaaes  and  Explosions  in  Collieries,  by  De  la  Beche  and  others. 
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tilj  let  on  Are  by  the  B.pproauli  of  &  candle,  farmed  a  burning  apiint;, 
which  continued  some  weeks. 

Pttrolaim it  ot a  iaik.  colour,  and  thiclieT  thu  common  tor;  in  th« 
carbon  iteroua  strata  of  Coalbroolc  Dale,  and  in  eome  puts  of  Asia,  ihis 
lubetance  rises  from  coal-beds  in  immense  quantities.  I'lom  a  careful 
■naly'sis  of  pelroteum  and  certain  tarp<>''i''''0<lB>  it  is  clear  that  their 
principal  component  parts  are  identical ;  and  it  therefore  appears  probable 
that  petroleum  has  originated  from  the  coniferous  trees  whose  remains 
have  conliibuled  so  lately  to  the  formation  of  coal )  and  that  the  mi- 
neral-oil is  Dolhing  more  than  (he  tnrpentiae-oil  of  Uie  pines  of  former 
ages, — not  only  the  wood,  hut  also  large  accumulations  of  (he  needle -tike 
leares  of  (he  pines,  mBy  have  contributed  to  this  process.  We  thus  bare 
the  satis^tiou  of  obuiuing,  after  the  lapse  of  thousands  of  years,  in- 
formation as  to  the  more  intimate  composition  of  those  ancient  forests  of 
the  period  of  the  great  coal -formation,  whoss  comparison  with  the  pre- 
sent vegetation  of  our  globe  is  a  subject  of  so  much  interesL  The  mi- 
neral oil  may  be  ranked  with  amber,  succinite,  and  other  similar  bodies 
which  occur  in  the  strata.  The  springs  of  petroleum  do  not  seem  to  de- 
pend on  combustion,  as  bag  been  luppoacd.  but  to  be  simply  the  effect  of 
subterranean  heat.  According  to  the  information  we  now  possess,  it  is 
not  necessary  that  strata  sliould  be  at  a  very  great  depth  beneath  the 
surface  to  acquire  a  temperature  equal  to  the  boiling  point  of  water  or 
of  mineral  oil.  lu  such  a  position  the  oU  must  have  suffered  a  slow  dis- 
tillation, and  have  found  its  way  to  the  surface  ;  or  have  so  impregnated 
a  portion  of  the  earth,  ae  to  form  springs  or  wells,  as  in  various  parts  of 
Persia  and  India.* 

Bitumen  Is  an  inspissated  mineral  oil,  of  a  dark-brown  colour,  .with  a 
Strong  odour  of  (ar.  In  the  Odin  mine  of  Derbyshire,  elastic  bitumer  oc- 
cuis,  being  of  the  consistence  of  thick  jellyi  and  bearing  some  resem- 
blance to  soft  India-rubber;  BB  i(  will  remoie  the  traces  of  a  pencil,  it 
has  been  named  "  mineral  caou(chouc."  Some  bitumens  possess  the  co- 
lour and  transparency  of  amber  :  the  sofl  varieties  may  be  rendered  solid 

From  these  bituminous  subBtoncea,  we  pass  by  an  easy  transition  to 
Ambar.f  of  which  we  have  already  spoken  (p.  245);  for  "black  amber," 

*  Dr.Reichenbach.  The  bitnminoua  piodnota  of  the  border-couDtriea 
of  Turkey  and  Peraia  are  described  by  Mr.  Loflus,  in  (he  Geol.  Soc. 
Joum.  vol.  lii.  p.  269. 

t  In  Liebig'e  opinion,  amber,  fossil  reaiu,  and  mellite  are  the  products 

of  vegetable  matter  that  has  suffered  eremacautii  or  decsy.     They  are 

found  in  wood  or  brown-coal,  and  have  evidently  proceeded  from  the  de- 
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both  in  ita  appetnuiM  wid  compoiitioa,  doaelji  reasmbles  the  lolid  bi- 

A  minsral  called  UaOitt,  oi  bonej-ataae,  from  its  colour,  ij  found 
among  the  bituminous  vood  of  Tliurinpa,  and  in  its  chemic&l  com- 
potritton,  snd  electrical  properties,  bears  a  great  analogy  to  amber ;  it  is 
nsnally  eryatalUied  in  small  ociahediooa.* 

28.  Ths  Diauoitd. — The  oheinical  cooHtituents  of  the 
Bubetances  abore  described  are  chiefly  carbon  and  hydrogen, 
with  a  small  proportion  of  oxygen,  the  eesential  elements  of 
vegetable  matter.  But  the  Diamond  is  pure  carbon  ;  at  a 
heat  less  than  the  melting  point  of  eilTer,  it  burns,  and  u 
volatOized,  yielding  the  same  elementary  products  aa  char- 
CuaL 

Sir  Isaac  Newtoa  remarlced,  tliat  the  refractire  power,  that  is,  the  pro- 
perty of  bending  tha  laya  of  light,  was  three  iimea  greater  in  respect  of 
their  densities  in  amber  and  in  the  diamond  than  in  other  bodies ;  and 
he  therefore  concluded  that  the  diamond  was  some  unclnoos  substance 
that  had  crystalliud. 

Sir  David  Brewster  obserred,  that  the  globules  of  air  (or  some  fluid 
of  low  refracliTe  power)  occasionally  seen  in  diamonds  have  communi- 
cated, by  expansion,  a  polarizing  aCructure  to  the  parts  in  immediBl« 
contact  with  the  air-bubble,  a  phenainenon  which  also  occurs  in  amber. 
This  is  displayed  in  four  sectors  of  polarized  light  encircling  the  globule 
of  air  i  a  similar  structure  can  be  produced  srtiGcially,  either  in  glaaa  or 
gelatinous  masses,  by  a  compressing  force  propagated  circularly  from  a 
pomt  This  cannot  hSTe  been  the  resale  of  cryalalUiation,  but  must 
hsTe  arisen  from  the  expansion  exerted  by  the  included  air  on  the  amber 
and  the  diamond,  when  they  were  in  so  soft  a  state  as  to  be  susceptible 
of  compreasioa  from  a  Tery  small  force  ;  hence  Sir  David  Brewster  con- 
cludes that,  like  amber,  (he  diamond  has  ariginaled  from  tlie  consolida- 

composition  of  siibatancet  which  were  contained  in  qnlla  a  different  form 
in  the  liiing  pluits.  They  are  all  distinguished  by  their  proportionably 
mall  quantity  of  hydrogen.  The  acid  from  mellite  (mellitic  acid)  con- 
tains precisely  the  same  pcoportions  of  carbon  and  oxygen  as  that  from 
amber  (succinic  acid)  {  they  differ  only  in  the  proportion  of  their  hydro- 
gen. Succinic  acid  may  be  obtained  by  oxidation  &om  wax  and  (rom 
all  solid  bis.— i-ioft^j  Chtmittry,  vol.  i.  p.  336. 

*  Organic  Remains  of  a  Former  World,  vol.  L  pi.  L  fig.  2. 
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UoQ  of  Tttgetable  nutter,  which  Iim  graduKlly  acquired  a  cryilalline  fbim 
by  the  iloir  action  of  corpuacular  forcea.  * 

Liebig  coDcnra  in  llie  opinion  tliat  the  diamond  ii  of  legetable  oiigin, 
and  offers  the  following  Tematke  on  it*  probable  made  of  formation. 

"  If  ve  euppoee  decaj  to  proceed  in  a  liqald  containing  carboa  and 
hydrogen,  then  a  compoand  wiUi  etill  more  carbon  mmt  remit,  in  a 
■nanner  similar  to  the  production  of  the  cr^taltine  colourlesa  naphthaUn 
from  a  gueooi  compound  of  carbon  and  hydrogen.  And,  if  the  com- 
pound IhuB  formed  were  itaalf  to  undergo  further  decay,  the  finsl  result 
most  be  the  separation  of  carbon  in  a  cryatalline  form.  Science  can 
point  to  no  process  capable  of  accounting  for  Ihe  origin  and  fomulion  of 
diamonds,  except  that  of  decay.  Diamonde  cannot  have  been  produced 
by  the  action  of  fire;  for  a  high  temperature  and  (he  presence  of  oxygen 
gas  would  call  Into  play  their  combustibility.  But  there  is  the  greatest 
reason  to  believe  that  they  hare  been  formed  in  the  humid  way  ;  and  the 
process  of  decay  is  the  only  cause  lo  which  their  formation  can  with  pro- 
bability be  ascribed."  f 

By  Toltaic  action  the  diamond  has  been  ccoTerted  into  a  substance 
possesaing  (he  appearance,  physical  character,  and  electrical  properties  of 
eoie.  In  this  stale  ibe  diamond  loses  its  insulating  power,  and  becoinei 
lighter:  the  specific  gravity  of  an  ordinary  diamond  ia  3.368;  wben 
changed  into  coke.  3.679.^ 

The  diamond  in  a  pure  state  is  colourless  and  transparent;  when 
coloured,  it  contains  foreign  matter,  as  metallic  oxides,  &c.  A  blue  dia- 
mond (the  property  of  Mr.  H.T.  Hope),  weighing  177  carats,  is  a  splen- 
did and  uziique  specimen  of  thia  precious  gem.  There  are  pink,  orange, 
yellow,  and  dark-brown  diamonds.  The  largest-known  diamond  be- 
longs to  the  Rajah  of  Mattan  ;  it  is  of  the  purest  water,  and  weighs  367 
carats,  or  (at  the  rate  of  four  grains  to  a  carat)  three  ounces  troy  weight : 
it  is  egg-shaped.  The  Mogul  Diamond,}  called  (he  Koh-i-noor,  or 
"  mountain  of  light,"  weighed  when  first  found  793  camta ;  when  ei- 
hibited  at  the  Crystal  Palace  (ISSI)  it  weighed  186  carats;  it  was  re - 
cut  in  1852,  and  now  weighs  102. 

The  matrix  of  the  diamonds  found  in  Central  and  Southern  India  is  a 
wide-spread  conglomerate,  orerljing  the  sand-stones,  limestones,  and 
gneiss-rocks  of  (he  country. 

■  Oeol.  Trans.  2nd  aer.Tol.  iii.  p.  459.  +  Licbig'a  Chemistry,  »o1. 
i.  p.  336.  X  Experiments  of  M.  Jacquelin  and  Prof.  Faraday. 

§  See  Prof.  Tennant'a  interesting  observations  on  thia  great  diamond, 
tod  the  probable  history  of  its  division  into  three  portions,  one  of  which 
(the  Koh-i-noor)  is  now  at  Windsor  Cnslle ;  Transactions  of  the  Society 
of  Arts,  1852,  p.  336. 
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29.  AsTHEAOiTK,  Plttmbaoo,  ArC. — The  coal  commonly 
used  for  domestic  purpoeea  in  this  country  is  the  bitamin- 
ous,  of  which  there  are  many  varieties,  such  aa  cherry-coal, 
caking-coal,  eplint-coal,  and  cannel-coal.*  The  Antiraeiie,f 
ctilm,  or  stone-coal,  is  coal  usually  deprived  of  its  bitumen  bv 
the  cauBCB  already  explained ;  anthracitJc  bands,  howerer, 
occasionally  are  intercalated  with  seams  of  bituminous  coal. 
When  coal  is  near  to  trap  or  basalt,  it  is  often  in  the  atite 
of  anthracite ;  while  the  layers  in  immediate  contact  with 
the  volcanic  rocks  are  charred,  and  in  some  inatances  coked ; 
or  the  mass  is  .converted  into  plumbago,  or  graphite,  the  Bub- 
Btance  used  for  drawing-pencils;  By  a  series  of  interesting 
experiments,  Dr.  Maccullochf  demonstrated  the  transitional 
changes  from  bitumen  to  plumbago,  Hydrogen  predomin- 
ates  in  the  fluid  bitumen;  bitumen  and  carbon  in  coal ;  in 
anthracite,  bitumen  is  altogether  wanting ;  and  in  plumbago, 
the  hydrogen  has  also  disappeared,  and  carbon  only  or  chieBy 
remains. 

In  North  America,  from  the  prevalence  of  anthracite  in 
the  carboniferous  deposits,  this  substance  is  in  nearly  uni- 
versal use ;  but  in  England  it  is  seldom  employed  except  in 
Arnott-stovee  and  the  furnaces  of  our  manufactories, §  This 
kind  of  coal  is,  however,  largely  developed  in  many  districts ; 
and  the  anthracite  of  South  Wales  extends  from  the  Vale  of 
Neath,  on  the  east,  to  St.  Bride's  Bay  on  the  west.  Some  of 
this  coal  is  in  the  state  of  charcoal,  and  requires  a  degree  of 
heat  of  531°  Fahrenheit,  for  its  ignition ;  but,  when  ignited, 
it  buroB  with  a  bright  flame,  and  is  the  most  durable  of  fuel. 

80.  FSTBIZA.0TIOH  o?  YsaETABLEs. — As  in  the  sand- 

*  See  PirliBinenUry  RepoiU  on  Ihe  cotle  mited  for  the  sMim^uvy. 

f  From  the  Greek  ii>4f»{.Bigiiifjmg  co«l  orcharcoal. 

J  TruiMct.  Geol.  Soc.  to!.  iL  p.  1. 

§  The  uitliiacile  of  the  Alleghuiies  la  of  very  ilow  combustion ;  bol 
thii  u  overcome  by  fVeely  lupplying  oxygen  by  means  of  a  blower,  even 
in  the  fire-places  of  private  dwellings :  and  the  drying  eflect  on  the  air  of 
the  apartments  la  counteracted  by  the  eraporation  of  water. 
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Btones  and  otber  Btrata  the  steins  of  trees  and  plants  are 
often  found  not  in  the  state  of  coa],  but  oonTerted  into  stone 
^n  some  instances  calcareous,  iu  others  silicioua,  I  shall  in 
this  place  offer  a  few  remarks  in  illustration  of  the  process 
ly  which  such  a  change  has  been  effected. 

In  Uue  petribetiona  t  traiiariiilation  of  the  parla  i>f  an  organiied  bod)' 
ioo  mineral  matter  CaVea  place.  Patrin,  Brongniarl,  and  other  philoao- 
piers  aappoae  thai  petriraction  haa  frequently  been  effected  Buddenly,  by 
tbi  combination  of  gaaeoug  fluids  with  the  cotutituent  pTinciplea  of  or- 
gaiic  structure,  it  appears,  Indeed,  certain,  that  the  conveisiou  of 
an  Dial  and  xegefable  subsianres  into  silei  must,  in  many  inatanceB,  have 
bem  almost  instantaneoua  ;  for  the  moat  delic&ts  parts,  those  which  would 
nnlergo  decomposition  with  the  greateal  rapidity,  are  preaerved.  The 
ocoinence  in  the  Oolite,  at  Tiabury,  of  TiigoniBS,  having  Uieir  delicate 
bmichis  and  other  portions  of  the  body  preaerred  in  their  natural  poai- 
tioi  by  silicification  (p.  527),  illuatrales  theae  remarha.  So  also  doeathe 
proerTHtion  of  a  zoophyte  in  agate,  as  described  and  flgnred  by  Mr.  Bow- 
ectank.*  Thefact  of  the  ailiciflcatioa  of  trees  in  loose  aand,  and  of  the 
•dl  bodies  of  mallnsca  in  their  ahells,  as  in  the  foaail  oysters  found  in  the 
clalkatBrighton,f  while  neither  (he  sand  nor  the  sheila  are  impregnated 
wih  silen.  cannot  be  explained  by  the  infHtration  of  a  silicious  fluid  into 
eiTilies  left  hy  the  decomposirion  and  removal  of  the  animal  aubstonce-l 
■fcn  Buch  haa  ahown  that  the  ailicifyini;  process  never  immedialely  at- 
tMiks  the  calcareous  shell,  t(Ul  developea  itself  only  upon  the  organic 
natter,  and  that,  where  this  substance  is  not  present,  no  siliciflcalion 
akes  place.  A  combination  of  tiaseous  fluids  with  the  constituent  prin- 
2iples  of  (he  animil  or  vegetable  substances,  changing  the  latter  into 
Stone  without  mndifying  the  arTangemeut  of  (he  molecules  ao  as  to  alter 

■  Journ.  Geol.  Soc  vol.  v.  p.  319.  See  also  <Mi'.  p.  Ixxviii.,  Anniver- 
•uy  Addresa  by  Sir  H.De  la  Beche,  for  some  remarka  on  this  intareMing 
fossil,  and  on  silicifleation  generally. 

t  Medals  of  Creatitm,  p.  374. 

J  It  stilt  remains  for  some  patient  investigator  to  elucidate  the  aa  yet 
myaterions  relations  of  carbon  and  silicon,  and  to  recover  the  broken  clue 
to  this  researdi  left  by  the  untimely  death  of  Dr.  Samuel  Brown,  of 
Edinburgh.  His  early  experimenla  on  the  tratismotation  of  these  two 
substances  appear  to  have  been  followed  in  later  years  by  more  certain 
resalts,  which,  however,  this  lamented  chemist  had  not  published  at  the 
time  of  his  death.  See  the  deeply  interesting  article  on  Dr.  8.  Brown 
and  Prof.  E.  Forbes,  in  the  North  Britiih  Hnview,  February,  1357. 
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Ihe  eiUmsl  fonn,  seenu  the  onl;  moda  bj  which  s' 
can  have  b««n  effected.  The  produclioa  of  oongelalion,  by  a  aimple 
abstraction  of  csJoric,  ii  akin  to  Uiia  change  ;  but  petrifkclion  is  induced 
by  the  mtroduction  of  another  principle.  As  to  deniity,  the  most  eubtle 
gas  may  acquire  the  greatest  lotidity ;  u,  for  example,  in  the  union  of 
oxygen  vrith  metallic  eubsIonceB. 

The  following  remarks,  selected  from  Mr.  C.  Stokee's  ob 
aervatioas  *  on  foaait  wood  and  plants,  throw  light  on  thb 
subject.  The  specimen  which  gave  rise  to  these  remark 
was  a  piece  of  beech-wood,  partly  petrified  by  carbonate  >f 
lime,  from  a  Botnan  aqueduct  in  Qermany.  In  this  wo4d 
were  several  insulated  portions  converted  into  carbonate  >f 
lime,  while  the  remainder  was  unchanged. 

Sometimes  Ihe  most  minute  structure  is  presarred,  as  in  the  vessel^ 
palnu  and  conifera,  which  are  as  distinct  in  the  fossil  aa  in  the  rectit 
trees.  From  this  state  of  perfection,  we  have  eiery  degree  of  chan^,to 
the  last  stage  of  decay :  the  condition  of  the  wood,  therefore,  had  no  ii- 
fluence  on  the  process.  The  hardest  wood,  and  the  most  tender  ard 
succulent,  as,  for  instance,  the  young  leares  of  the  palm,  are  alike  sitici- 
fled.  In  seme  inetances,  the  cellular  tissue  has  been  petriQed,  and  tb 
Tessels  have  disappeared ;  here  eiliclflcalion  must  bare  taken  place  Boot 
oflei  the  wood  was  eiposed  to  the  action  of  moisture,  because  the  celiu 
lar  struclurH  would  soon  decay ;  the  process  was  then  suspended,  am 
the  Tessels  decomposed.  In  other  examples,  the  vessels  alone  remain ;  a 
proof  that  petrifaction  did  not  commence  until  (lie  cellnlar  lissae  was  de- 
stroyed. The  specimens  where  both  cells  and  vessels  are  silicified  show 
that  the  process  began  at  an  early  period,  and  continued  imtil  the  whole 
regetable  structure  whs  transmuted  into  stone- 
In  a  morass  near  Ferry-bridge,  in  Yurkshire,  a  similar  partial  petrifac- 
tion of  the  stems  and  branches  of  trees  has  token  plsce.f 

The  tats  Dr.  Turner,  in  some  admirable  comments  on  the  subject  of 
petrifaction,  remarked,  that,  whenever  the  decompoelliDn  of  an  organic 
body  has  begun,  the  elemeots  into  which  it  is  resolved  are  In  a  condition 
peculiarly  favourable  to  their  entering  itilo  new  combinations ;  uid  that, 
if  water,  charged  with  mineral  matter,  come  in  contact  with  bodies  in  this 
state,  a  mutual  action  takes  place,  new  combinations  result,  and  solid 

•  Transactions  of  the  Geological  Society,  2nd  ser.  vol.  v.  p.  213. 
t  Described  by  Mr.  Stokes,!^,  ett.  p.  211. 
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porticleB  Eire  precipitated,  so  bs  to  occapy  tte  place  left  ntcatit  b;  the 
decompoaed  organic  substance. 

31.  Abtipicial  Veqetable  Pbtbifactiomb. — Prof.  Gop- 
pert  has  publiehed  the  result  of  an  iutereBting  investigation 
of  the  condition  of  foseil  plants,  and  the  procesa  of  petrifac- 
tion. Layers  of  ironstone-nodules,  as  we  have  previously 
stated,  are  common  in  the  carboniferous  strata.  They  appear 
to  have  once  constituted  continuous  layers,  the  nodules 
having  been  produced  by  s^regation,  t,  e,  the  substance  of 
which  they  are  composed  has  separated  from  the  constituent 
parts  of  the  rock  after  deposition.*  The  first  segregation 
often  appears  to  have  been  caused  by  the  presence  of  some 
extraneous  matter,  sometimes  a  trilobite  or  a  shell,  and  very 
commonly  the  leaf  of  a  fem.f  Parkinson  had  remarked, 
that  the  leaves  in  these  nodules  might  sometimes  be  separ- 
ated in  the  form  of  a  carbonaceous  film  ;  and  doppert,  hav. 
ing  found  similar  examples,  was  induced  to  undertake  a  set 
of  experiments.  He  placed  fem-leaves  in  clay,  dried  them 
in  the  shade,  exposed  them  to  a  red  heat,  and  obtained 
striking  resemblances  to  the  fossil  plants.  According  to  the 
degree  of  heat,  the  plant  was  found  to  be  either  brown, 
shining  black,  or  entirely  lost,  the  impression  only  remain- 
ing ;  hut  in  the  latter  case  the  surrounding  clay  was  stained 
black,  thus  indicating  that  the  colour  of  the  coal-shales  is 
irom  the  carbon  derived  from  the  plants  they  include.  Plants 
soaked  in  a  solution  of  sulphate  of  iron  were  dried  and 
beated  until  every  trace  of  organic  matter  had  disappeared, 
and  the  oxide  was  found  to  present  the  form  of  the  plant. 
In  a  slice  of  pine-tree  the  pitted  fibres  peculiar  to  this  family 
of  vegetables  were  perceptible.  These  results  by  heat  are 
probably  produced  naturally,  by  the  action  of  moisture  un- 
der great  pressure,  and  the  influence  of  a  hi^  temperature.^ 

*  Sir  H.  De  la  Beche,  ReEeaichex  in  Theoretical  Geology,  p.  96. 

f  MedaU  at  GreatioD,  p.  69  and  p.  ^22. 

X  Quart  Jvuin.  Geol.  Soc.  vol.  tL  pan  2,  Mijcell.  p.  33, 
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32.  SiLiomcATios  or  Petbifactiom  op  Vegetables 
BY  SiL£X. — The  variouB  forms  in  wbich  sitex  u  found  bsve 
been  probably  dependent  on  its  state  of  solution ;  in  the 
case  of  quartz-CTfBtala  it  was  entirely  dissolved ;  in  agate 
and  chalcedony  it  is  supposed  to  have  been  in  a  gelatinoos 
state,  assuming  a  spheroidal  or  orbicular  disposition,  accord- 
ing to  the  motion  given  to  its  molecules,  Its  condition  ap- 
pears also  to  have  been  modified  by  the  influenue  of  organic 
matter.  In  some  polished  slices  of  flints  from  Bognor,  the 
transition  from  flint  to  agate,  chalcedony,  and  crystaUized 
guartE  is  beautifully  exhibited.  The  curious  fact,  that  the 
echinites  in  the  chalk  are  almost  invariably  filled  with  flint,* 
while  the  shelly  covering  is  converted  into  calcareous  spv, 
is,  perhaps,  attributable  to  the  animal  matter  having  under- 
gone siiicification  ;j'  for  the  most  organised  parts  are  those 
which  appear  to  have  been  most  susceptible  of  siUcious 
petrifaction.  Allusion  has  been  already  made  to  the  con- 
version  of  an  oyster  into  flint,  while  the  shell  is,  as  usual, 
carbonate  of  lime.  The  shells  of  mollusca,  the  plated  cover- 
ings of  echinoderms,  and  the  guards  of  the  belemnites  are 
less  commonly  ailicified,  possibly  from  the  Itu'ge  proportion 
of  calcareous  earth  which  enters  into  their  composition  ; 
they  are  more  frequently  changed  into  calc-spar,  probably 
&om  water  charged  with  carbonic-acid  gas  having  insensibly 
effected  the  crystallization  of  their  molecules.} 

Some  specimens  of  sihcified  wood,  collected  from  the  in- 
terior of  Australia,  by  the  late  3ir  T.  Mitchell,  and  now  in 
the  British  Museum,  are  entirely  permeated  by  silex ;  but 
on  the  external  surface  of  these  stems,  there  are  some  circu- 

*  In  one  ingtmce,  lh«  ifaell  of  an  echinite  from  the  chalk  is  tnnsmated 
into  cryBUUiiBd  carbonate  of  lime,  while  the  lower  portion  of  the  c«vUy 
is  occupied  by  flint,  on  which  is  a  layer  of  ciyalals  of  calcareous  spar. 

f  Mr.  Bowerbauk  Ihinks  that  the  cavities  of  the  echlDOderms  WBN 
filled,  after  death,  by  sponge,  vhich  latter  took  on  the  silieification. 

X  See  an  interesting  Gsaay  on  this  subject,  by  H.  Alexandre  Brong- 
niut,  "Euaiturlei  Oriieuiet  Silieiaux,  $d."    Pans,  1331. 
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lar  spots  of  chalcedony,  that  appear  to  have  originated  from 
the  exudation  of  the  h'quid  silei  from  the  interior,  in  viscid 
globules  distended  with  air,  which  burst,  collapsed,  and  be- 
came solidified  in  their  present  form. 

One  of  the  moat  eminent  naturalists  and  mineralogiats  of 
the  United  States,  Mr.  J.  D.  Dana,*  has  suggested  that  the 
reason  why  silica  is  so  common  a  material  in  the  constitution 
of  fossil  wood  and  shells,  as  well  as  in  pseudomorphic 
crystals,  consists  in  the  ready  solution  of  frilez  in  water  at  a 
high  temperature  (a  fact  atGnned  by  Bergman)  ,t  under  great 
pressure,  whenever  an  alkali  is  present  (as  is  seen  at  the 
present  time  in  many  volcanic  regions),  and  its  ready  deposi- 
tion again  when  the  water  coots.  A  mere  heated  aqueous 
solution  of  silica,  under  a  high  pressure,  is  sufScient  to  ex- 
plain the  phenomenon  of  the  silicification  of  organic  struc- 
ture. Mr.  Dana  states,  that  a  crystal  of  calc-spar  in  such  a 
fiuid  being  erposed  to  solution  from  the  action  of  the  heated 
water  alone,  the  silica,  depositing  itself  gradually  on  a  reduc- 
tion of  temperature,  takes  the  place  of  the  lime,  atom  by 
atom,  as  soon  as  set  free.  Bvery  siliciiied  fossil  la  an  exam- 
ple of  this  pseudomorphism  ;  but  there  seems  to  be  no  union 
of  the  silica  with  the  lime,  for  silicate  of  lime  is  of  rare  oc- 
currence,    (See  also  vol.  i.  p.  99,  &c.) 

That  silicification  is  induced  under  circumstances  con- 
nected with  a  high  temperature,  we  have  a  remarkable  in- 
stance in  the  petrified  wood  observed  in  Kerguelen  Island, 
by  Captain  Sir  James  Boss.  Seams  of  coal,  varying  in 
thickness  from  a  few  inches  to  four  feet,  are  imbedded  in 
trap-rock  ;  and  numerous  fossil  trees  were  found  lying  under 
a  bed  of  shale,  which  was  covered  by  a  mass  of  basalt  several 
hundred  feet  thick.     Some  portions  of  the  wood  wctc  so 

■  Americ.  Journ.  Science  and  Arte,  vol.  llriii.  p.  84. 

f  Bei^man  flrgt  delermined  the  aolubilit;  of  Bilex  [n  aimple  Talet, 
aided  1iy  heat,  and  demonstrated  its  existence  in  ihe  Geysen,  end  other 
bailing  springs  or  Iceland.   See  also  Paikinson,  Oi^.  Rem.  vol.  1.  p.  324. 
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little  altered  that  it  was  aeceeaary  to  take  them  in  the  hand 
to  be  ooDTinced  of  their  fossil  state ;  and  tlie  wood  was 
found  passing  &om  that  condition  into  charcoal  which 
would  burn  freely  ;  while  other  portions  were  ho  completely 
ailicified  as  to  scratch  gloss.*  In  fact,  the  permeation  of 
vegetable  tisaues  by  aqueous  solutions  of  silex  at  a  high 
temperature  appears  to  be  one  of  the  necessary  conditions 
under  which  siliciScation  takes  place. 

83.  Fossil  Flajtts  Oe  thx  CoA.L.t — I  proceed  to  the 
examination  of  the  flora  of  the  Carboniferous  era.  The  lay- 
ers of  pure  coal,  as  we  have  already  stated,  are  wholly  com- 
posed of  carbonized  vegetables ;  and,  when  we  consider  that 
these  beds  are  from  tea  to  thirty  feet  and  even  nearly  fifty 
in  thiekness,^  it  would  seem  difficult  to  account  for  such  an 
immense  accumulation  of  wood,  and  plants,  and  foliage  as 
would  be  required  to  produce  so  enormous  an  amount  of 
carbon,  without  any  intermiiture  of  earthy  detritus,  had  we 
not  such  illustrative  eiamples  of  analogous  modem  carbo- 
naceous deposits,  as  those  brought  forward  by  Sit  0.  Lyell, 
and  previously  alluded  to.  The  shales  above  the  coal  are 
highly  charged  with  carbonaceous  matter,  and  contain  a 
profusion  of  leaves  and  stems.  The  vegetable  remains  are 
always  in  a  carbonized  state;  but  the  leaves  sometimes 
possess  such  a  degree  of  tenacity  and  elasticity  as  to  be 
separable  from  the  stone.  The  leaves  and  seed-vessels 
which  occur  in  the  iron-stone-nodules  have,  in  many  in- 
stances, undergone  a  metallic  impreg;nation,  as  is  often  the 
case  in  specimens  from  Coalbrook  Dale.     Brilliant  sulphide 

■  Voyage  of  Discavery  in  the  SouUwtn  «iid  AnUrctic  R«gJona,  in 
IS39-43. 

t  PlMes  t.  to  XXX.  of  the  Pictorial  Atlas  of  Otguiic  Remaiiu  (ftom 
Artis  uid  Parkinson]  ate  deioted  to  Fossil  Ptaats. 

J  Besides  the  instances  of  thick  coal-Heoms  meDiioDed  at  p.  683,  vs 
may  add  that  at  Wilkesbarrc  in  Penasjlvaaia  as  antliracite,  30  feet  tluck, 
is  worked ;  and  near  Cracow  in  Polwd  there  ii  a  coBl-t>ed  between  4U 
and  SO  feet  thick. 
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of  iron  (iron-pjriteB),  in  some  extunplea,  permeates  the  en- 
tire vegetable  tissue ;  in  others,  the  stems  and  leaflets  are 
replaced  by  white  hjdrated  silicate  of  alumina  (pbolerite)  ;• 
and  in  many,  by  crystals  of  galena,  or  sulphide  of  lead,  and  of 
blende,  or  sulphide  of  zinc.  In  the  sandBtones,  the  stems 
have  generally  a  carbonaceous  crust,  and  their  internal 
structure  is  sometimes  found  in  a  calcareous,  and  occasionally 
in  a  silicified,  state. 

The  Coal-plants  which  have  been  accurately  determined  t 
amount  to  some  hundreds  of  species,  of  which  two-thirds 
are  either  members  of  the  family  of  Ferns,  or  belong  to  ex- 
tinct orders  of  plants  that  united  the  characters  of  the  ex- 
isting cryptogamic  and  gymnospermouB  classes.}  The  re- 
mainder consist  of  ConiferEB,  some  Cycadaceie,  and  a  few 
flowering  monocotyledonous  or  dicotyledonous  plants.§    But 

•  See  Fict.  Mas  Org.  Rem.  pi.  b,  flga.  10,  11.  Geol.  Jour.  vol.  xjii. 
p.  16. 

t  In  hia  "  Steinkohlen-Fornmtion  SiwdiBen'a,"  1856,  Dr.  GsinLtr  has 
published  Uie  latest  reBults  of  liia  loni;  and  diligent  examination  of  ^ea^ 
numbers  of  the  plant-remain b  of  the  coal ;  and  has  ehowc  that,  from  the 
eridence  afforded  by  the  corefiilly  collected  leaTes,  stems,  roots,  and 
fragmenta,  many  of  the  hitherto  accepted  "  apeciea  "  must  be  tnei^d  to- 
gether J  different  parts  of  the  aame  plant  haTing  been  severally  legarded 
M  fragmenU  of  distinct  plants,  or  Tariousty  conditioned  individuals  of  one 
species  having  been  catalogued  as  distinct  species.  Would  that  there 
were  more  British  geologista  able  and  willing  to  rival  GcEppsrt  and  Geinili 
in  their  laborious,  conscientious,  and  successful  elucidation  of  the  frag- 
mentary and  often  oheouce  relic*  of  the  Carboniferous  Flora ! 

I  Thus  the  Lycopodiacese  and  Conifers  meet,  as  far  aa  analogical  le- 
■emblances  are  concerned,  in  the  L^iidodtndron ;  and  the  Ferns  and  the 
Cycads  in  the  Sigillaria ;  whilst  the  Ei^uiaetaceEe  appear  with  added  cha- 
racters in  the  Annularia  and  the  Calamilei. 

}  Adolphe  Brongniait's  Memoirs  on  Pouil  Vegetahlea— especially  his 
"  Frodame,"  and  "  Histoire  iea  V^iWui  Fossiles,"  1S28,  and  "  Tableau 
des  Genres  de  Vigitaui:  Fussilea,"  1849— should  be  consulted  for  philo- 
sophical views  of  the  condition  of  the  terrestrial  vegetation  at  the  Car- 
boniferous period.  With  reference  to  this  subject  be  observes,  in  Lis 
interesting  memoir  on  the  genua  Nargptrathia  (Annalea  des  Sc.  Nat.  18-16), 
that  the  Carboniferous  Flora  appears  to  have  been  limited  to  two  of  the 
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numerouB  speciea  are  undetcribed,  and  new  fonns  are  con- 
tinuallj'  being  diocof  ered. 

The  Britiab  species  exceed  200 ;  *  I  will  preeentlj  place 
before  you  a  few  of  the  predomiutint  fonns,  which  will  aerve 
to  convey  a  general  idea  of  the  nature  of  the  CarboniferouH 
Flora ;  foF  the  greater  number  of  the  plants  that  ore  found 
in  the  British  coal-mines  also  occur  in  Europe  and  If  oTth 
America, — even  in  the  Arctic  regions. 

The  follaving  tabular  outline  of  the  chicaetatistie  runilies  uid  genenj 
claniflcation  of  eiiiting  regetablei  f  will  ba  useful  to  the  atudent,  vbeo 
refeiling  the  fouil  pUnti  to  theii  modeni  rapresentativei. 
I  ij  ^ThBlogcni;  or  Callular  Crjplogwn*.  Diatomacee,  Deami- 
i  I  iacem,  Confeitn,  Seawcedi,  Chara,  Mould,  Uushiooma, 
]v  o  i*  '^      Lichens,  Ac. 

P  £;  Acrogens;  or  Vaacular  Cryptogams.  Literworta,  HonelaBi, 
J      U    ^      Hosiei,  Club-mossea,  Pepperworla.  Fenis,  Ac. 

Eotvledonoua  ( Endogens.      Grasses,    Palms,    Orchids, 
^  '  (     Bushes,  Lilies,  Ac. 

Gjnmogens  ;  or  G jnuiospennouB  Dicotyle- 
dona.    Cycadaces  and  Coaifem. 

i       i.  n'    I  isJ  J  ^"'S^'^'i  or  Angioepermoos  Dicotyledons. 

a  >.  Dicotyledonous.  ^  Most  of  the  European  flowering  herbs 
I  and  trees  (except  the  Conifers,  —  firs, 
*■     yews,  &o.). 

That  ve  may  have  a  general  view  of  the  Carbontferona  Flora,  the 
following  aynoplical  Msum£  of  Ihe  specific  determinaljons  of  the  coal- 
plants,  by  Gteppert  and  Geiniti,  ie  giren.  These  results  ore  founded  on 
a  close  study  of  the  plants  of  the  Upper  and  Laiver  Coal  of  Saiony,  com- 
pared with  those  of  the  cosl-measares  of  Silesia  and  other  pails  of  the 
Continent,  and  of  Britain ;  and  necessarily  aflbrd  valuable  statistics  of  the 
vegetation  of  the  Coal-period,  although  other  palnontologisls  may  b? 

grand  divisions  of  the  vegetable  kingdom,  namely,  "  les  Cryptogames 
acrog^nes  ou  vasculaires,  el  lea  Phan^rogames  dicotyledoDes  gymno- 
apennes."    See  also  Lyell's  "  Manual  of  Geology,"  5lh  edit.  p.  373. 

*  See  Norm's  "  Cntalogue  of  British  Fossils,"  1854 ;  and  Phillips'* 
'-  Manna]  of  Geology,"  p.  326. 

t  See  "Manaal  of  Natural  History"  (Van  Voorst),  for  a  detailed 
clissi&cation.  For  structure,  see  Carpenter's  Itieiviciipe,  chapters  6,  7, 
udS. 
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inclined  to  diaagrea  in  mim}'  points  witb  ilie  teaults  at  which  thete 
eminent  German  geologiBla  hare  nmved. 
A.  Acolyledanea. 

1.  FUNOT. 

Depazilea,  Eicipulitee,  Gjrroniyces  (one  specica  of  each) . 

2.  EQUiaiTicEA . 

Eqniaeliles  (2  species),  Catamiles  (6  spec.)- 

3.  AsiBttOPHTLLlI^. 

Asterophyllitea  (6  apec.)i  Annulaxia  '(3  spec),  Sphenophjllam 
(6  spec). 


4.    FlLlCES. 

a.  ^heiwpteriiiea. 

Sphenopleris  (18  spec.). 
Hymenophyllitea  (7). 
Schizapteris  (4). 

c,  Pecopteridta. 

Cyalheiles  (10). 
Alethopterig  (10), 
Oligocatpia  (1). 

8.    LlCOPODIiCE*. 

Lycopodites  (5). 
Selaginitea  (I). 
Lepidodendron  (2). 
Sagenoria  (5). 
Lepidophyllum  (1). 
B,  Dicotyledones. 

Cordaiiea  (2). 
N<e(^T*thia  (4). 
Rhabdocarpos  (4). 

7,  CVCADDX. 

Trigonocarpon  "  (3), 

8.  (?) 

CaqioHthea  (3), 


b.  lituropttrid>a. 

Odontopteiis  (3  ipec.). 


Neu 


s  (5). 


Cyolopteria  (3). 
DiMyopleris  (2). 
d.  Protopteridea. 
Caulopteiie  (3). 
P&leeopteris  (1). 
Paaronius  (I). 
Megaphytum  (t). 

Aspiduia  (4). 
Halonis  (3). 
Knorria  (3). 
Caidiooarpon  (4). 


g.    COK[FBRS. 

10.  SlGlLLAHI£,-f 

Sigillacia  (13). 

11.  STI011ABI.Z. 

3tigmaria.( 


*  Dr.  Hooker  refers  the  Tniita  Ihua  named  to  Conifent. 
t  CloBGly  related  to  the  Lepidodenilron,  according  to  Dr.  Hooker. 
X  Gsppertand  Geinitzr^ard  tbeSI^Buru^ii^Baan  iDdependent 
plant ;  and  consider  olhers  or  the  so-called  Stigmaiiis  to  be  the  roots  of 


i,z«it>,GoogIe 


736 


THE  WONDEKB  Of  OKOLOOT. 


Si.  EQUipXTACions  PLiSTH.  —  The  sterna  of  sevenJ 
gigantic  plants  {(hlamifet)  allied  to  the  EquUetumfiitviatiU, 
or  Horse-tail  of  our  marsh -Ian  da,  are  very  abundant  in  the 
coal-measures.  "While  the  recent  species  seldom  eieeed  two 
feet  in  height,  and  half  an  inch  or  an  inch  in  diameter,  the 
fossil  stems  o^n  attain  twenty  or  thirty  feet  in  height,  and 


fourteen  inches  in  diameter.  The  EquUettte*  eolamnari* 
is  a  common  species  of  this  kind  of  plant  in  the  Lower  Oolite 
of  Yorkshire ;  and  both  the  Calamite  and  the  Equisetite  are 
occasionally  found  in  an  erect  position  in  the  strata.* 

•  See  DaiTBon'BremarkBon  Upr^ht  CalamileBat  Pictou,  Joum.GBol. 
Soc.  toI.  vii.  p.  194,  and  vol.  i.  pp.  21  and  35;  alsoT.T.  Wilkinson'B 
notice  of  Upriglit  CoUmlUs,  accompanying  a  considerable  number  of 
fossil  upri^t  and  rooted  trees  at  Burnle}' ;  Lane,  and  Cheslu  Hist.  Sac 
1'rana.  vol.  ix.  p.  101. 
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Calamitet.  The  plants  of  this  extinct  genus  much  resem- 
ble the  Horsetail,  being  furrowed  longitudinally,  sad  inter- 
cepted with  joints  or  nodes. 
But  in  several  points  they  differ, 
both  iu  external  characters  and 
in  internal  structure,*  Calamites 
are  so  abundant  in  the  coal  as 
to  proTc  that  they  constituted 
an  important  feature  in  the  flora 
of  the  countries  of  the  carboni- 
ferous age ;  and  tbey  have  also 
been  found  in  strata  both  above 
and  below  the  coal,  and  range 

from  the  Devonian  to  the  Per-  "°" '"^^JJI^n^JlJ,"""""" 
mian,  and  probably  to  the  Ju- 
rassic period.  A  small  fragment  of  the  terminal  portion  of 
a  stem,  with  rootlets,  is  represented  in  Ziign.  164,  luid 
illustrates  the  characteristic  tubercles  accompanying  each 
articulation,  and  marking  probably  the  place  of  attachment 
of  bracts  in  the  upper,  and  rootlets  in  the  lower  part  of  the 
stem. 

The  stem  of  the  Calamodendron  (Brongniart)  consisted  of, 
1st,  an  outer  thin  cylinder  of  bark  and  wood,  of  a  high  or. 
ganization,  externally  marked  with  longitudinal  furrows  and 
riblets ;  and  2ndly,  an  inner  pith  or  cylindrical  axis  of  soft 
tissue,  also  ribbed  lengthwise,  but  distinctly  marked  by 
transverse  joint-like  depressions,  forming  such  articulations 
as  those  of  the  common  Calamite.  Along  these  cross-lines 
the  interrupted  riblets  of  the  pith  met  and  dovetailed  one 
with  another ;  and  from  the  upper  end  of  each  riblet,  as 

"  See  J.  S.  Dawea  on  tlie  CWamite,  Geol.  Soc.  Joum.  ml.  .ii.  p.  196  ; 
where  many  rereieBces  lo  other  writers  on  thise  peculiar  foaail  plants  will 
be  met  with.  See  alBO  Brongniut'a  and  Williamson's  Etuddatian  of 
the  Stnictura  of  Calamites  and  Calamudendioii.  in  Ljell'l  "HaoiuU," 
.^h  edit.  p.  366. 
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in  Calamitea,  a  bundle  of  vesBela  went  off  into  the  outer 

wood. 

Mtercphgllitei.*  Plants 
vith  TerticUlate  iBsvea 
are  common  in  the  coal- 
shales;  thej'  have  been 
named  Aiterophyllitet, 
Annularia,f  SpheTtopltyl- 
litm,%  &c.  Several  of 
these  sleader  whorl-leaf- 
ed plant -remains  are 
equisetaceous  in  their 
aspect  1  and  some  were 
the  branches  and  foliage 
of  the  Calamodendron. 
Othera  were  probably 
small  plants  abounding 
in   the  shades   of   the 

LMH.  lU^aREOFHTlUTB*  MDOTtlTOMa*  i      BWampV        fOrCStS  J         »nd 
liniB  QMlbnwi  Hula.  .11  a       .- 

others  long  floating  wa- 
ler-plants.  Two  of  the  usual  forms  are  here  represented 
{Ugnt.  165  and  167,/y.  1). 

85.  Fossa  Fb  BITS  .-.-The  Brake  at  Fern  of  our  commons 
and  waste  lands  is  a  familiar  exoiaple  of  a  remarkable  and 
numerous  fiunUy  of  plants,  distinguished  hj  the  peculiar 
distribution  of  their  seed-vessels.  The  arborescent  ferns 
of  the  tropics  rise  into  trees  from  thirty  to  forty  feet  in 
height,  their  stems  being  marked  with  scars  from  the  decay 
of  the  leaf-stalks,  and  their  summits  covered  with  an  elegant 
canopy  of  foliage ;  §  their  general  i^pearance  is  shown  in 

•  Star-Uaf.    Medals  of  Citation,  p.  146.      f  Pebif.  p.  27,  Lign.  2. 

X    Wedge-Uaf.    Medalt.  p.  liH,  Lign.  43. 

{  A  lucid  and  pleasing  deaeriplion  of  (be  eiteniat  fbatuTea  of  a  (re«- 
tern  may  be  found  among  the  manj  giaphtc  picluies  of  planU  and  ani- 
roala,  of  vbich  Mr.  Qosie's  anggeitire  voik,  mtitled  "Omphalos,''  u 
munljr  composed  (pp.  129—132). 


jii...iiL,Coog[c 


t  a.  FOSSIL  FEIun.  '  "*' 

Liyn.  180,  ^.  6,  p.  764.  The  le&Tei  of  the  herbaceous 
species  are  rery  elegant,  and  present  great  variety  in  their 
forms,  and  in  the  mode  in  which  the  veins  of  the  leaf  are 


disposed ;  from  the  character  of  the  latter,  M.  Adolphe 
BroDgniart  has  esLabliahed  the  generic  distinctions  of  the 
fossil  plants  of  this  family.  The  beautiful  state  in  which  these 
remains  occur  in  tbe  coal-shale  is  shown  in  the  specimeos  be- 
fore us  (Z*?n*.  166, 1Q7, Jiff.  2,  and  169,/y.  3).  The  young 
and  still  uncoiled  (or  circinate)  leaves,  and  the  fructification 
on  the  back  of  the  adult  leaves,  are  sometimes  preserved. 

The  stems  of  ferns,  with  their  elliptical  cicatrices,  or  leaf- 
scars,  bear  some  resemblance  to  those  of  the  palms,  but  are 
readily  distinguished  on  account  of  the  longest  diameter  of 
the  scars  being  vertical,  wbjle  in  the  palms  it  is  transverse  : 
sections  of  the  stems  of  these  two  tribes  have  also  distinc- 
tive characters.*  Fossil  fern-stems  are  known  as  Oaulopte' 
ria  and  Ptaronite*  f 
•  V^i.  Foieiles,  tom.  i.  pi.  37.     t  Sleniel;  Ueber  Fani-wiirMln,18S7 
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The  large  tree-femB  are  confined  almost  exclusively  to  the 


n*.  1,  AittnpbTlUt'*-  Fl|.  I.  FKopwrli 

tropica;  humidity  and  heat  being  the  conditions  ftioet  fa- 
Tourable  to  their  development. 
In    the    carboniferous    rocka 
there  are  about  100  apeciea  of 
ferns,  nearly  all  of  which  be- 
long to  the  tribe  of  Polgpodia- 
eea ;    the  common   Polypody, 
80  &equeQt  on  old  walls,  will 
convey,  an  idea  of  the  charac- 
ters of  their  foliage.    The  fos- 
sil species  present  great  variety 
uoB. i«8.-pH»fTiRiii  in.BKiniB;     and  elcgftnce  in  the  form  and 
disposition  of  the  Ironds  and 
pinnules.    The  Feeopterii   (Lign.  167,  Jig.  2,  and  168,  a 
genns  containing  upwards  of  forty  British  species,  is  of  fre- 
quent occurrence  in  the  coal-shales,  and  abounds  also  in  the 
Lower  Oolite  of  Yorkshire* 
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86.  3iaiLi.ABi&. — Among  the  most  common  uid  striking 
objects  that  arrest  the  attention  of  a  person  who  visits  a  coal- 
Uiine  for  the  first  time,  and  examines  the  fossil  remains  pro- 
fusely scattered  around  htm,  are  long  flat  narrow  slabs  of  a 
coaly  substance,  haTinq  the  surface  fluted  longitudinally,  and 
uniformly  ornamented  with  rows  of  deeply  imprinted  sym* 
metrical  figures,  disposed  with  great  regularity  {Lign.  169). 
These  relics  are  the  flattened  stems,  with  or  without  the 
bark  or  rind,  of  trees  of  large  size :  the  imprinted  markings 
on  the  surface  being  the  scars  left  by  the  separation  of  the 


petioles  or  leaf-stalks.*  The  name  Sigillaria  has  been 
given  to  these  extinct  trees,  from  the  impressions  appearing 
as  if  made  by  a  seal  or  die.  These  stems  are  generally 
found  broken  to  pieces,  and,  when  lying  in  a  horizontal  posi- 

•  The  mnkinga  left  on  k  cabbage-Btalk  by  the  removal  or  the  Icavei 
■re  ofknmilu' nature.  Figurei  of  SigillturiM  sre  given  in  PUtesXIX.  and 
XX.  of  the  Pictor.  Atlu  Org.  Rem. 
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tion  in  the  atrata,  are  quite  flat  torn  the  preesure  of  the 
auperiucumbent  deposits. 


The  sterna  vary  from  a  few  inches  to  three  feet  in  cir- 
ciunference,  and  specimena  have  been  discovered  that  in- 
dicate a  length  of  sixty  feet.  They  often  escape  compres- 
sion, and  stand  perpendicularly,  intersecting  the  horizontal 
strata, 'and  having  roots  proceeding  Irom  the  base.  They 
are  generally  surrounded  by  an  envelope,  an  inch  in  thick- 
ness, of  fine,  crystalline,  bituminous  coal.  The  longitudinal 
plaitings,  which  are  the  characteristic  marks  of  the  Sigil- 
larite,  are  commonly  indistinct  at  the  base.  A.  specimen 
figured  in  the  beautiful  and  highly  interesting  work  of  Lind- 
ley  and  Hutton  *  was  ten  feet  high,  and  two  feet  in  diameter 
at  the  base  (Liffn.  171).  Its  roots  were  in  shale,  imme- 
diately above  the  main  bed  of  coal,  and  the  trunk  extended 
through  sevend  strata  of  shale  and  sandstone. 


"  The  Fossil  Flora  of  Great  Brilain." 
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The  Siffillaria  wm  a  tall  tree,  with  a  tare  trunk,  regularly 
pitted  by  the  leaf-scan.     It  branched  at  the  eummit,  aud 
appears  to  have  borne  loag, 
narrow  leavea.    Its  fruit  is 

not  known.  In  its  internal  I 

.stnicture,  wHcli  has  beea 

examined  by   Brongniart,  ^ 

King,  HooW,   Bowman, 
Dawson,  and  others,  the  Si- 
yt^fm-MBhowB  much  analogy    a„ue_<. 
to  thatof  the  OgeadeiE,  but 
exhibit}  also  the  scalari- 
form  tissue   of  the  Acro- 
gen»;  and  is  regarded  as 
of  higher  organization  than 
theLepiiodendron,  and  be- 
longing to  a  peculiar  family 
of  the  5reat  di\'iBion  ot 
G-ymnoHjermoue  Dicotyle- 
dons.* It  was  a  plant  con-         ^j^^ 
aisting  cf  soft  areolar  tis- 
sue, with  a  hard  woody     liqx.  171— btu  w  iioiLumu  nan- 
centralcylindricalaxis.and        iimiA-.iaatitmwami.  iim/M»i«t. 
a  bard  bark.     There  are  many  species  known  of  this  ex- 
tinct genus.  The  StyillaruB  abounded  in  the  awampy  jungles 
ol  the  Coal-period,  and  have  evidently  supplied  the  chief 
nasB  of  the  now  carbonized  material  of  most  coal-seams, 
idiilst  their  roots  (Stigmaria)  atill  permeate  the  vnderclayt 
ii  every  directiofi. 

87.  STi(»iiBfA..f — The  fossil  vegetables  known  under 
ttiis  name,  which  are  so  abundant  in  the  underclay  of  the 

*  See  Dt.  Hooker'a  Renurlcs  on  SigStaria,  Mem.  Geol.  Sorrey,  vol. 
L  {NUl  2,  p.  421 ;  uid  King  on  SisiOana,  Edinb.  N.  Phil.  Joum.,  1844. 

f  Dr.  Hooker's  Memoir  on  Stignwria,  Hem,  Geol.  Siur.  vol.  iL  part 
•„  p.  431 ;  King,  loe.  cU. ;  He<Ula,  p.  132,  Ac. 
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ooal-beds,*  long  exdted  the  corioBlt^  of  collectorB,  and  aet  at 
defiance  all  attempts  to  determme  their  botanictd  charac- 
ters, untU  recent  discoveries  proved  the  correctness  of  M. 
Adolpbe  BroDgniart's  conjecture,  that  thej  were  the  roots 
of  Siffillaria.  These  bodies  are  of  a  sub -cylindrical  form, 
reaching  sometimes  several  feet  in  length,  and  are  o&ea  ten 
or  twelve  inches  in  circumference.  The  surface  ia  covered 
with  oval  or  circular  depressions  with  a  small  tubercle  in  the 


middle,  disposed  in  quincunx  order.  When  broken  acrosi, 
a  small  cjlindrical  am  or  core  is  found  to  extend  long> 
tudinaUy  throughout  the  stem  {Lign.  172).  Whenobeervel 
in  the  imderclay,  long  tapering  fibres  or  rootlets  are  founl 
attached  to  the  tubercles  of  the  pita  with  which  the  surface  i| 
covered ;  and  these  are  sametimes  several  feet  in  length 

*  Prof.  Gcepperl  liaa  remuked  thai  StigtndHa  JUoidtt  may  be  r^ard' 
ed  a>  out  of  ihe  moat  prevalent  of  the  coal-plants.  *'  Ein-nnd-dreUaij, 
Jahiesbericht.  ScMes.  Get."  p-  81. 
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The  interoal  Btracture  of  the  Stigmaria  presents  &  ligneonB 
axis,  or  cylindrical  woody  bundle  of  TCsBels,  originally  tra- 
Tersing  the  centre  of  the  pithy  root,  but  in  the  foeails  gener* 
ally  lying  nearer  to  one  side  than  the  other  of  the  more  or 
less  compressed  root,  owing  to  its  having  sunk  in  the  softened 
tissue  during  the  rotting  of  the  pith,  and  b^ore  the  root  was 
fiwBilized.  This  woody  aiis  resembles  the  woody  zone  found 
in  BectioQB  of  the  SigillaruB,  except  that  the  ring  of  medullary 
tissue  posBessed  by  the  latter  is  wanting ;  a  difference,  aB 
Ad.  Brongniart  remarks,  precisely  similar  to  that  existing 
between  the  roots  and  the  stems  or  brauchea  of  a  dicotyledo- 
nous tree,  in  which  the  woody  cylinder  is  associated  internally 
with  bundles  of  medullary  tissue,  that  are  absent  in  the  roots 


of  the  same  tree.  This  opinion,  long  since  advanced  by  the 
eminent  French  savant,  has  been  confirmed  by  li/ix.  Binney's 
discovery,  in  the  coal-strata  at  St.  Helen's  near  Liverpool, 
of  an  upright  stem  of  a  Sigilhma,  nine  feet  high,  with  ten 
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roota,  MTeral  feet  long,  atUched,  and  extending  in  the  nndeis 
clay  in  their  nfttoral  pontion  (aa  showa  in  Liyn.  178)  ;  theM 
roots  being  undoubted  Stigmaria.* 

In  tlie  floor  of  the  Yictorift  Mine,  at  DonkinGeld  near 
Manchester,  at  the  depth  of  1100  feet  from  the  surface,  Mr. 
Bimiey  discorered  a  magnificent  specimen  of  Sigilkria,  which 
exhibited  on  its  stem  the  respective  characters  of  three  sup* 
posed  species  (iS*.  paehyderma,  ivnifortni*,  and  otyanvm),  and 
had  stigmaria-roots,  which  were  traced  twenty  feet.t 

In  the  Sidney  cotU-field,  at  Cape  Breton,  seTeral  upright 
stems  of  Sigilluin,  having  roots  that  are  undoubted  Stig- 
mariffi,  have  been  discovered;  and  in  the  Fictou  coal,  in 
Nova  Scotia,  the  same  lact  has  been  noticed,  and  communi- 
cated to  the  Geological  Society  of  London.  (See  also  p.  689.) 
The  £ev.  Henry  Stetnhauer  was  among  the  first  to  re- 
gard  the  Stigmaris  aa  root*  of  trees,  in  an  interesting  and 
well-illuBtrated  memoir,  entitled  "  Fossil  Beliquia  of  Unknown 
Yegetables  in  the  Coal-atrata"  (Transact.  Americ.  Phil.  Soc. 
New  Series,  vol.  i.  p.  273,  1818).  Lindley  and  Hntton 
quoted  Steinhauer'a  observations,  and  described  the  Stig- 
mariie  as  radiating,  massive,  floating  aquatic  plants.^ 

Prof,  (ikeppert  has  evidence  to  show  that  some  of  the 
Stigmarite  were  great,  branching,  and  even  anastomosing 
roots,  or  rhisodes,  of  water-plants ;  and  resembled  the  spread- 
•  Phil,  Mag.  3rd  »er.  »q1.  iiTii.  p.  241,  Report  Brit,  Assoc.  1843. 
Sereral  ictereating  commumcBtiona  on  the  cool-plonla  and  ihe  caal-me«.- 
sure*  may  b«  found  in  Ihete  Tnlnable  Reports ;  for  instance,  Mr.  Buddie's 
Beport  on  the  Newcastle  Caal-meaSDres,  in  I^  lolBme  Tot  1838;  Mr. 
Hilna  on  the  Berwick  and  Nortii  Darham  Goil-fleld,  1838  i  Mr.  Binaej 
on  tlie  Lsncashite  Coal-fleldB,  1842,  snd  b;  Messrs.  Heyvood  and 
Williamson,  1837 ;  Lord  Greenock  and  Hr.  Craig  en  the  Scotch  Coal- 
Belds,  1834  and  1840;  Ac. 

t  Geol,  Soc.  Jonra.  toI.  ii.  p,  390.  Over  the  door  of  the  room  con- 
taining the  foaail  vegetables  in  the  British  Unieum,  there  is  s  Stigmaria 
twentjr-aix  feet  long,  with  nnmerons  rootlets. 

t  See  "  Fossil  Flora  of  Grr«t  Britun ; "  and  BncUutd's  "  Bridee- 
WBIer  Treatise." 
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ing  roots  of  the  great  water-lilies.  Thus  &r  Lindley't 
bypothetical  reference  of  the  Stigmaris  to  aquatic  plants  ia 
partially  supported;  but  BrongQiurt,  Binney,  Bowman,  King, 
Brown,  Dawson,  and  others  have  brought  forward  good 
evidence  of  the  majority  of  the  Stigmarian  bodies  being 
really  the  stools  and  roots  of  trees. 

As  there  is  considerable  variety  in  the  form  and  disposi- 
tion of  the  tubercles  of  the  Stigmarin,  it  ia  probable  that 
some  of  them  may  be  the  roots  of  other  trees  of  the  car- 
boniferous depouts,  with  the  stems  of  which  they  are  asso- 


Mr.  Bichard  Brown  has  described  t  »  rooted  stem  (ityw. 
175),  found  by  him  in  the  Coal-meisures  of  Cape  Breton,  as 
that  of  a  Lepidodendrm.  Sir  C.  Lyell,  however,  refers  it  to 
Si^llaria.X  We  must  recollect,  in  this  inshmce,  that  there 
are  some  species  which  it  is  difficult  to  define  generically 
either  as  SigDlaria,  Sagenaria,  or  Lepidodendron,  so  similar 
sometimes  are  the  features  presented  by  the  stoma,  or  rather 
parts  of  the  stems. 

•  giich  u  Bagmane,  ftt    See  Gteppert'e  and  Oejniti'a  Mamoiri. 

t  Qu»rt.  Journ,  G«o\.  Soc.  toI.  it.  p.  47. 

t  Uanual,  5lli  edit.  p.  370. 
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36.  LEFtDODBiTDBOiir.* — This  belongs  to  a  tribe  of  plants 
wUcli  has  largely  contributed  to  the  fonnation  of  the  ooal- 
atrsta,  and  whose  remains  rival  in  number  and  magnitude  the 
Calamites  and  Sigillarue.  The  name, 
which  signifies  Sealy-tree,  is  de- 
rived from  the  imbricated  appear* 
ance  of  the  surface  of  the  stem,  oc* 
casioned  by  the  form  tmd  arrange- 
ment of  the  little  angular  imprints 
or  scars  left  by  the  removal  of  the 
leaf-stalka  {lAgng.  176,  177).  Some 
of  these  trees  have  been  found  al- 
most entire,  from  their  roots  to  the 
topmost  branches ;  aa  in  the  ex- 
ample here  figured  {Lign.  176), 
which  was  nearly  forty  feet  in 
length.  The  foliage  consists  of 
simple  linear  leaves,  which  are  spir- 
ally arranged  around  the  stem,  and 
appear  to  have  been  shed  from  the 
base  of  the  tree  vrith  age.  The 
markings  produced  by  the  attach- 
ment of  the  leaves  are  never  ob- 
literated. In  their  external  con- 
figuration, mode  of  ramification,  and 
disposition  of  the  leavea,and  in  some 
points  of  their  internal  structure, 
these  trees  accord  closely  with  the  uom.  iTi,-iJiMi»BmnB<w 
Zyeopoi/MNTAs.orCluh-moBses.  These  mbshmihui. 

are  small  herbaceous  plants,  inhabit-     ''^^ti^^Sj^^ 
ing  woods  and  bogs;  their  leaves  are      ^^'    ^ 
simple  and  imbricated,  that  is,  lie     °o»'  w^.m  nlicoieM  »  a, 
over  each  other  like  scales.   Most  of    ^!^  i*^'™- ^'n^" 
them  trail  on  the  ground,  but  a  few     ^-  "* 

•  Hooker,  Mem.  Oeol.  Snrr.  toI.  it.;  Hcdali,  p.  136. 
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•pedes  ue  erect ;  *  the  tropical  forms,  which  ue  the  l&rgeBt, 
do  not  exceed  three  feet  ia  height.   But  notwithitandiiiii  this 


tlgM.  ■:;.— Fl«.  l^TiuuniLpbaniMaTi  muHcii  of  LinDODiiiDiuur.  Cual-ihaW, 
Ft(.  k— Sun  of  riUidii  (ut.  iIh)- 

dlaparity  in  size,  M.  Brangniart  has  shown  that  the  Lepido- 
dendra  must  be  regarded  as  gigantic  plants  dosely  allied  to 
this  family.  They  may  be  regarded,  in  fact,  as  arborescent 
Lycopodiaces,  comparable  in  size  to  the  largest  pines ;  and 
they  formed  eitensire  foreete  during  the  carboniferous 
■  Such  u  Lfcopodium  dmum ;  HmIcbt,  Hem.  G«ol.  Snrv.  toI.  ii.  part 
2,11.423 
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period,  beneath  whose  shade  flourished  the  lesser  ferns  and 
associated  plants. 

The  fruit  of  the  living  Club-mosses  is  an  oral  or  cy- 
lindrical cone,  which  in  some  species  forms  an  imbricated 
spike  at  the  extremity  of  the  braoches ;  and  there  are 
nnmerous  fossil  &iiitB  of  this  kind  found  together  with  the 
stems  atid.learee  of  the  Lepidodendra,  and  in  some  instances 
attached  to  the  branches ;  tbej  have  receired  the  name  of 
Ziputottrobi,  or  scaly-cones.* 

Besides  being  preeminently  a 
coal-plant,  the  Lepidodendron  is 
found  in  the  SeTonian  strata  of  the 
United  States,  of  Caithness,  and 
Thuringia ;  and  in  the  Mountain- 
limestone  of  Tforthumberland.t 
It  occurs  also  in  strata  of  Carbo- 
niferous or  Devonian  age,  both  in  '' 
Australia  and  South  Africa. 

Long  narrow  branches,  covered 
with   numerous    small  leaves  or 
bracts,  occur  in  the  coal-measures,    pninn  or  ihc  •wm  or  *  ntax 
which  are  regarded  as  being  fossil    ^'^^ ''"**'  ***""  '■'•'*  ""•" 
forms  of  club-mosses,  and  are  term-    «,  i.  romoM  of  «)iim»iiii!  «- 
ed  LyeopoditM.     Similar  plant-re-  "       ' 

mains  have  been  found  in  the  Tertiary  and  Oolitic  strata, 
and  some  of  these  have  been  correctly  referred  t-o  the  Co- 
nifem.  Indeed,  the  DaeryHum  ewpreinnvm  of  New  Zealand, 
with  its  long  pendant  lycopodiat  branches  and  regularly  scar* 
red  atem.and  other  similar  conifers,  should  remind  us  that  the 

■  Pict.  AtUs,  pi.  ii.  C  l.andpl.  xxiiii.  i  ind  Medals  of  Creation,  I.^. 
40.  The  gtnictnre  aud  affinitira  of  ihe  Lepidostiobl  are  veil  woiked 
out  and  illustrated  by  Dr.  Hooker,  in  the  Men.  Geol.  Snrr.  Tol.  iL,  vhere 
LepidodendroQ,  Sigillarue,  and  Calamltes,  Ac.,  are  also  made  the  subjecU 
of  elncidatioa. 

+  Tate.  Fossil  Flora  of  the  MonntAin  Limestone,  p.  297. 


■..iit,,GoogIe 


752  THE  WONDEBS  OT  OBOLOOT.  Iflcr.  VU. 

Cxtenul  form  of  one  family  of  pUnts  ia  imitated  hj  aoottieT. 
It  is  from  the  fructification  that  the  moat  decided  characters 
of  ptanta  can  alone  be  drawn. 

89.  Cabbokifbboub  Tbeeb  abd  Plants.* — It  wae  form- 
erty  auppoaed  that  no  vestigei  of  coniferoua  plants  and  trees, 
which  occur  so  abundantly  in  the  secondary  formations,  were 
present  in  the  coal ;  but  Mr.  "Witham,  by  microscopical  ei- 
aminatioD,  ascertained  that  trees  of  this  type  constituted  no 
inconsiderable  portion  of  the  flora  of  the  carboniferous  epoch; 
and  remains  of  this  order  have  since  been  det«ct«d  in  tbe 
Devonian  and  every  formation  of  later  origin.  The  recent 
couifene  are  arborescent,  dividing  into  numerous  branches, 
which  are  disposed  in  most  genera  with  considerable  regu* 
larity.  The  transverse  sections  of  the  wood  exhibit  con- 
centric annual  lines  of  growth  (aa  in  Li^.  178),  and  the 
vertical  show  tbe  sides  of  the  woody  fibres  studded  with 
little  pores  or  spots  (^Lign.  179). 

Some  of  the  fossil  trees  resemble 
the  European  pines  in  their  in- 
ternal structure  :  but  the  greater 
number  belong  to  the  Araucarian 
type,  which  is  characterized  by  the 
rows  of  spots  being  disposed,  when 
double,  not  side  by  side,  aa  in  Lign. 
179,  but  alternately,  aa  we  have 
Lion. iTi_ioi.,L.»di.^  wcUoB  of    previously  eiplained  (p.  713).t 

pLM-woM,i-™.WB.nrtiill.rT      *^  __  c  ^         \.     i-^v  l 

nr ;  •bmiiiii  uit  nw,  ct  tjia       The  coniferous  trees  {  of  the  coal 

"'°™'  have  but  fewand  slight  appearances 

of  the  lines  by  which  the  aniiiml  layers  are  separated,  and  re- 
semble in  this  respect  the  existing  species  of  tropical  regions ; 
.    ■  Hed&la,  p.  164,  &c. 

f  Id  the  Royal  Gardena  at  Kev,  there  u-a  Kieral  flouiishiDg  trees  of 
the  A.  txctba,  and  other  kinilB  of  AraucariEE. 

t  Withun,  pp.  di.  i  and  Qnekelt,  Caialog.  Fum.  Veget.  Himterian 
Muacum,  pp.  27  and  28. 
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we  ma;  therefore  infer  that  tbe  seasons  of  the  countries 
where  tbe  coal-plants  flourished  were  subject  to  but  little 
diversity,  and  that  the  changes  of  temperature  were  not 
abrupt. 

In  a  qiiariy  at  Craigleith,  near  Edinburgh,  at  a  depth  of 
140  feet,  part  of  the  trunk  of  a  very  large  coniferous  tree 
was  discovered:  its  length  was  thirty-six  feet, and  the  circumv 
ference  of  the  base  nine  feet.  Polished  sections  of  this  stem 
beautifully  display  the  oonileroua  structure.  A  tree  Sttj- 
nine  feet  long,  traversing  twelve  beds  of  saadatone,  has  since 
been  exposed  ;  and,  as  is  commonly  the  case,  the  bark  was  car- 
bonized, and  the  woody  stem  was  in  some  parts  in  tbe  state 
of  sandstone,  and  in  others  silicified. 

Nameraus  seed-Teaaels  h&Te  been  found  ia  the  coal-meuuieB,  and  are 
known  u  Cantiocarptm,  Rfiabdocarpoi,  CarpoUlet,  and  TrigoiuicaTpon. 
TheralationBof  Ihesefniita  ace  mostly  Tery  obscure.*  The  TtigarUKOrpa 
hare  been  refeiied  by  Bome  to  palms,  and  by  othen  (o  Cycada  ;  but  Dr. 
Hooker  has  ahown  t  that,  althou  gh  certainly  baving  characters  of  struc- 
ture aa  dosely  related  to  tlie  Cycads  as  to  the  Conifers,  yet  it  is  to  the 
latter  Iliat  the  weight  of  the  evidence  tends  to  refer  them  ;  and  be 
especially  points  to  tbe  peculiar  caniferoua  g«Qua  Saiitburia  (a  natiTe 
of  China),  aa  presenting  a  froctiflcalicm  similar  te  that  found  ia  Trigoni>~ 
earpon.  Dr.  Hooker  mentions  also  that,  as  Dr.  Lindley  baa  pointed  out, 
Ihe  foliage  of  Solisbnria  also  affords  a  modem  anali^,  for  tbe  fossil 
leaves  ciUled  Ns^iathia,  which,  vitb  some  Tiigonocarpon-like  bodies, 
H.  Brongniart  has  referred  to  the  CycadaceiB. 

Dr.  Hooker  has  described  a  fragment  of  cycadeous  wood  from  the 
Durham  coal-field ;  t  and  in  1S44,  M.  Ga°ppert  had  recognised  in  the  car- 
boniferous rocks  of  Europe  four  species  of  fossil  plants  wlucb  he  con- 
sidered referable  te  the  CycadaceiE,{ 

No  well-authenticated  remains  of  palms  occur  in  the  coal- 
strata. 

•  Fiedler ;  Foas.  Friiehi.  4c.  1857.     t  Proc.  Hoy.  Soc.  vol.  rii.  p.  28. 

}  Mem.  Geol.  Survey,  voL  ii.  part  2,  p.  421. 

f  Annals  Na(.  Hiat.  vol.  zv.  p.  442.  Far  Ognres  and  descriptions  of 
recent  and  fossil  cycadeoos  plants,  see  Bnckland'a  Bridg.  Treat,  p.  494, 
and  Medala,  p.  l&O 
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40.  Floba.  of  Ttts  Coal.  A  more  extended  notice  of  the 
foQstl  plants  of  the  carboniferoua  eystem  is  not  within  the 
scope  of  these  Lectures,  and  we  will  now  take  a  brief  review 
of  the  principal  facts  that  have  been  submitted  to  our  notice. 
We  have  seen  that  tHe  most  remarkable  character  of  the 
llora  of  that  remote  epoch,  is  the  immeiwe  numerical  as- 
cendance of  certain  peculiar  tribes  of  cryptogamio  plants, 
which  Muount  to  at  least  two-thirds  of  the  whole  of  the  species 


hitherto  determined.  With  these  are  assodated  some  coni- 
feMB,  a  few  cyeadacetB,  and  some  rare  phanerogamic  plants. 
The  vast  preponderance  and  magnitude  of  the  vegetables  bear- 
ing an  analogy  to  the  tribes  both  of  acrogena  and  of  gymno- 
gens,but  differing  from  existing  species  and  genera,  constitute. 
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therefore,  the  most  important  botuiiea]  feature.  Thus  we 
have  plante  related  to  the  horsetail  {Calamites),  eighteen 
inches  in  circujnference,  and  from  thirty  to  forty  feet  high  ; 
arborescent  club-mosses  {Lepidodendra)  attaining  an  altitude 
of  sixty  or  seyenty  feet  [  other  great  lycopodiaceoua  trees 
{Siffiltarice)  fifty  feet  in  height;  besides  tree-ferns,  and  & 
multitude  of  minor  acotyledonous  plants,  with  comparatively 
few  coniferous  trees.  The  contrast  which  such  a  flora  pre- 
sents to  that  afforded  by  the  woods  and  forests  of  dicotyle- 
donous trees,  and  the  verdant  turf,  which  now  grow  on  the 
surface  of  the  carboniferous  districts  of  England,  is  as  strik- 
ing as  the  discrepancy  between  the  zoology  of  the  palteozoic 
formations  and  that  of  the  present  day.  In  Lign.  180,  figs. 
1,  3,  and  4  represent  some  of  the  chief  tree-like  forms  which 
flourished  in  the  carboniferous  era,  namely,  the  coniferous 
Araucaria  or  Korfolt  Island  Pine  (which  is  at  the  present 
day  the  beat  representative  we  have  of  some  of  the  woody 
trees  of  the  Carboniferous  and  Permian  periods),  the  crypto- 
gamic  Tree-fern,  and  the  lycopodiaceous  Lepidodendron  (no 
longer  represented  by  living  species).  The  Screw-palm  or 
Paadamu,  introduced  in  the  sketch  {Lign.  180,  fig.  2)  as  an 
example  of  our  endogenous  tree,  appears  to  have  its  earliest 
progenitors  in  the  Jurassic  period. 

To  arrire  Bt  any  salisbctoiy  conclusionB  as  lo.  the  nature  of  the 
countries  which  Eupported  the  pUiita  of  the  coal,  we  must  consider,  Isl, 
the  geographical  distribution  of  the  relatBd  eiiflling  genera  of  plants,  and 
the  circumiStMiceB  which  conduce  to  their  full  deyelopmeal ;  and  2ndly, 
the  probable  hydrographica)  coDdilions  of  the  earth's  nirloce  at  the  coal- 
period.  It  is  well  known  that  a  hot  climate,  homid  atmoaphere,  and  the 
unvarying  temperature  of  the  aea  are  the  ciroumsiances  which  exert  the 
most  favourable  influence  on  the  f;rowth  of  Fema  and  other  cryplogamic 
plants;  low  ialtmds  iu  Iiopical  latitudes  being  the  localities  where  these 
forms  of  vegetation  flourish  moat  liutorlHntly.  From  the  relative  pro- 
portion of  land  and  water  then  probsbly  eiisting  in  this  region,  we  inay 
infer  that  the  coanlries  in  which  the  "  carboniferous "  flora  grew  were 
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groaiw  of  eiteneiia  ialandB  eqjoying  a  subtropical  climile.*  In  (he 
paucity  of  the  g;runine[e  or  irissea,  which  form  so  large  a  proportion  of 
the  eiialing  floras,  and  the  predominance  of  fema,  the  vegetation  of  the 
coal-meuures  approached  in  some  respects  that  of  New  Zealand,  in 
which  the  cellolosn  [brm  ODe-third  of  the  vhole.  while  Uie  grasses  ara 
very  few  in  number,  t 

From  the  researches  of  Blie  da  Beaamont  X  ■'■d  Godwin- Austen,^  who 
have  constructed  approzitnatiTO  charts  of  the  carboaiTeioas  area  of  Western 
Europe,  we  know  that  the  caat-meaBUres  and  the  mountain-limestone  were 
deposited  for  tlie  moat  pact  amongst  an  eitenstTe  archipelago,  of  which  eume 
districts  of  Scandinavia,  Scotland,  Ireland,  Wales,  Cornwall,  France,  and 
Northern  Italy  formed  parts.  ||  Considerable,  but  isolated,  areas  of  coal- 
deposits  were  formed  iu  lakes  on  the  table-land  of  what  [a  now  Central 
France;  and,  according  to  Mr.  Godwin-Austen, equally  exlenaire  lake- 
systems  gare  origin  to  (he  old-red  sandstones  and  conglomerates  %  of 
Scotland  and  Ireland,  and  probably  of  that  of  South  Wales  also 

41.  Atmobphebio  conditions  during  the  Cabbonifeb- 
ore  EPOOU.  —  It  appears  remarkable  that  amidst  the  lux- 
uriant vegetation  which  prevailed  on  the  dry  lands  during 

*  See  chap.  Tii.  of  Lyell's  "  Principles  of  Geology,"  for  the  full  con- 
sideration of  probable  climatal  conditions  with  given  proportions  of  land 

+  See  Madala  of  Creation,  vol.  i.  p.  210 ;  and  Lyell's  "  Principle*," 
p.  37.  t  See  Beudant'a  Giologit. 

\  See  Quart.  Joum.  6«ol.  Soc.  vol.  lii.  pi.  i 

II  A  very  important  feature  of  this  old  arcbipela^  was  a  narrow  tract 
of  Ituid,  or  of  shoala,  reaching  from  the  Franco -Belgian  frontier  to 
Somersetshire  and  the  south  of  Ireland ;  now  recognised  chiefly  in  the 
Ardennes,  on  the  east,  and  the  Mendips  on  the  west,  and  by  the  presence 
of  the  elevated  and  denuded  valley  of  (lie  Weald,  and  by  other  geo- 
logical featnres  along  its  line.  As  the  coal-measure*  and  the  cod- 
bearing  mouQiain-limeatone  lie  against  the  flanks  of  (his  old  transverse 
ridge,  and  as  it  is  not  covered  up  by  (he  whole  series  of  the  secondary 
strata,  but  only  by  the  cretaceous  and  tertiary  series,  it  la  considered 
probable  that  coal-beda  might  be  found  at  much  lest  than  2000  feet  be- 
'  low  the  surface  in  (he  neighbourhood  of  London  )  eapecially  as  coal  has 
already  been  met  with  in  a  deep  boring  at  Calais,  on  the  eame  line  of  old 
cocks.  At  Harwich,  a  deep  boring  has  reached  this  subterranean  ridge  at  • 
about  1000  feet  in  depth ;  but  it  is  there  composed  at^iarently  of  rocks 
alder  than  those  of  die  coal-aeries. 

1  Quart.  Joum.  Geol.  Soc.  vol.  di.  p.  51,  Ac. 
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the  Carboniferoaa  epoch,  there  should  not  have  existed  con- 
temporaneouB  herbivorous  quadrupeds ;  but  not  a  relic  of 
any  a&imal  of  this  kind  has  been  discovered  in  the  coal-strata. 
Indeed,  with  the  exception  of  the  Iguanodon  of  the  Wealden 
(tee  p.  436),  no  remains  of  large  vegetable  feeders  *  have  been 
found  in  any  of  the  deposits  anterior  to  the  eocene,  in  which 
first  appear  relics  of  the  herbivorous  pachyderms.  The  coal- 
measurea  of  Nova  Scotia  alone  present  vestiges  of  phyto- 
phagous terrestrial  mollusca. 

It  waa  an  opinion  once  verj  geneiallj  enlecuined,  and  the  idea  slill 
««eins  to  find  farour,  that  preTtoualy  to  and  during  the  Caiboniferous 
period  the  aimosiihere  -wta  eo  charged  with  carbonic-acid  gas  aa  to  be 
uafitled  for  the  lespitation  of  animals  of  a  higher  order  than  reptiles  ; 
and  lliat  the  dense  uid  luxnriuit  Tegeta^on  of  that  epoch  was  designed 
to  purify  the  air,  hy  elaborating  coal,  and  thus  abstracting  the  Bupera- 
bundance  of  itreapinible  gas,  Koi  setting  free  a  corresponding  proportion 
of  oxygen  :  thus  rendering  the  surface  of  the  earth  auitjible  fat  the  ei- 
ialence  of  lerreatrial  reptilea,  and  ultimately  of  birds  and  mammalia.  But 
Sir  C.  Lyell  has  ai^ed  that,  so  far  as  we  know,  it  any  change  were  in- 
duced in  the  constitution  of  the  atmosphere  by  such  an  agency,  it  would 
be  the  reverse  of  that  assumed ;  for  an  excess  of  Tcgetation  would  tend 
to  diminish  (he  average  amount  of  carbonic  acid,  and  consequently  the 
ur  mngt  hate  been  purer  than  in  the  succeeding  epacha.t  It  is  there- 
fore probable  that  (he  absence  of  herbiTorous  aaimals  caimot  be  ex- 
plained by  iinfaTonrable  atmospheric  conditions  :  and  again  we  may  point 
to  New  Zealand  as  a  country  haviog  a  luxniiant  TegataLion,  yet  without 
herblrorons  quadmpeda.t 

42.  FoBMATiOK  OF  CoAL-MBASintES. — Frotn  the  facts 
which  have  passed  under  our  examination, §  we  may  now 
advantageously  consider  what  were  the  circumstances  which 
gave  rise  to  these  prodigious  layers  of  carbonized  matter 

"  The  Plagiaalax  of  Purbeck  and  the  Sltnognathat  of  Stonesfield 
were  smaller  herbiTores.  The  other  known  mammals  of  the  secondary 
period  were  probably  insectivorons. 

t  Lyell'a  "  Trarels  in  North  America, "  vol.  i.  p.  153  i  and  "  Prin- 
ciples," p.  248. 

X  The  only  indigenous  mammals  in  New  Zealand  are  one  species  of 
Sat  and  another  of  Bat;  and  there  are  no  targe  reptiles  whaterer, 

i  See  especially  p.  631,  &c. 
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unmaed  with  other  materials, — these  imiBenw  beds  of  v^^t- 
ables,  from  wMch  aainal  t«miuiu  are  often  almost  whoUy 
eiclnded;— and.  whether  aceumulatioitB  of  trees  and  plants, 
which  in  after-ages  shall  present  phenomena  of  h  tike  ttature, 
are  in  progresti  at  the  present  time  ? 

The  maimer  in  vMcli  the  carbtmiferons  ctrata  have  lieec  ijeposiled 
fasi  been  a  fruitful  source  ef  discussion  amODf  geologista,  SoAie  ba*e 
contended  th>t  the  coal-meunres  were  ongiiiall;  pekt-'boga.  and  Qtai  tbe 
successiTe  Uyen  were  occasioned  bj  lepeatrd  sabddeiicM  of  the  land ; 
— others,  that  the  Tegelable  matter  originBted  from  rafla,  or  maaaea  of 
drilled  forett-trees,  like  those  of  the  Mississippi,*  vhich  floated  out  to 
sea,  and  there  became  ingulfed  { — others  suppose  that  they  were  formed 
in  inland  seas  or  lakea,  the  malerialB  of  the  suo^essive  beds  being  brought 
down  by  periodical  laad-floods  :  and  the  supported  of  each  hypothesia 
adduce  numerone  facts  in  coiroboralion  of  their  respective  opinions, 
there  can  be  no  doubt  tiiat  coal  may  be,  and  has  been,  laimM  under  each 
of  these  conditions;  and  that  at  different  periods,  and  in  different  lo- 
calities, all  these  causes  have  been  in  operation;  in  some  inslancea 
aing:ly,  and  in  others  in  combination.  An  interesting  example  of  the 
latter  conditions  is  described  by  Prof.  Dawson,  in  the  Canadian  Na- 
turalitl  (October,  1857),  as  occurring  at  Piclou.  where  some  portions  of 
the  coal-measuies  present  appearances  suggestiTe  of  "  the  idea  of  pntcb.'S 
of  grey  sand  rieiug  from  a  bottom  of  red  mud,  with  clumps  of  growing 
Calamites,  which  arrested  quantities  of  drift-plants,  consisting  prin- 
cipally of  Stenibergia  and  fragments  of  much-decayed  wood  and  bark, 
now  in  the  slate  of  coaly  matter  too  much  penetrated  by  iron-pyrites  lo 
show  its  structure  distinctly.  We  thiia  probably  have  the  (resh-growing 
Catamites,  entombed  along' with  the  debris  of  the  old  decaying  Conifers 
of  some  neighbouring  shore ;  furnishing  an  illiTstration  of  the  truth,  that 
the  most  ephemeral  and  perishable  forms  may  be  fossilized  and  preserved 
contemporaneously  with  tbe  decay  of  the  most  durable  tissue.  The 
Rush  of  a  single  summer  may  be  preserved  with  its  minutest  striee  un- 
harmed, when  the  giant  Pine  of  centuries  has  crumbled  into  mould.  It 
is  so  ROW,  aJhd  it  was  so  eqdally  in  the  Carbonlferoos  period." 

That  some  of  the  isolated  basins  of  coal  may  be  carbonised  peat-bofM 
is  not  improbable)  considering  that  peat  oiten  oiKurs  in  beds  including    , 
trees  In  an  erect  position^  and  extending  over  eitemrive  tracts  of  country ; 

*  On  this  river  ahd  its  branches  nccumulations  of  timber,  fanning  rsAs 
10  miles  long,  are  said  to  have  occurred,— LycITi  "  Prineipla,"  p,  '267. 
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and  in  modern  peat-boga  (ne  p.  66)  itytn  are  occuionany  found  baTing 
Uis  concholdal  iiaelure  and  luatroiu  appeaiance  of  coal. 

Other  coal-measures  may  have  been  accuniuliiled  in  freah-water  lakes, 
in  estuaries,  or  in  lagoons  of  fresh  or  of  brackish  water,  into  which  the  se« 
nude  occasional  iriuptiona.  To  this  clau  would  baloag  the  ^ater  pro- 
portion of  the  knoini  coal-measures. 

Other  earbonifeTOdi  atmta,  intercalated  with  saodstonea  and  limeaionet 
CDOlaininc  marina  remalni  in  abundance,  like  Ihosa  of  Rusait  (see  p. 
684),  nuat  b»Te  been  depoailed  in  the  sea. 

The  occaaional  erect  poaiiion  of  the  stema  and  the  preaertation  of 
delicatt  leaves  do  not  iuTalidate  Uus  inference  ;  for  in  the  ra^s  formed 
by  the  entangled  floating  loreata  of  the  American  liters,  trunks  of  trees 
frequently  occur  upright ;  and  in  the  interior  of  these  rafta  grasses  and 
trader  plants  are  often  rnund  entire.  8ui^  maasea,  therefore,  mi^t  ba 
drifted  many  hundred  miles,  and  yet  the  imbedded  fragile  species,  pro- 
tected by  the  external  network  of  entangled  branches,  remain  uninjured ; 
and,  unlergoing  bituminiiation,  while  enreloped  by  the  soft  mud  per- 
meating the  mass,  might  become  changed  into  durable  forms,  like  those 
which  akiund  in  Ihe  natural  herbaria  of  the  coal-measures. 

The  nrticality  of  tree-tnmks  in  some  of  the  strata  of  the  carboniferous 
series — «a,  for  instance,  in  the  Sandstone  of  Cra^eith,  near  Edinburgh — 
may  haTt  originated  aimply  from  the  trees  having  floated,  and  been  olli- 
malely  moored,  with  their  atoms  upri^t,  or  nearly  so,  in  consequence  of 
their  roots  being  loaded  with  soil.  This  is  ■  colutant  occurrence  in  the 
great  floods  of  the  American  rirers  ;  the  inag'i  as  they  are  termed,  whicll 
often  lenier  the  navigation  up  (he  stream  difficult  and  perilous,  being 
formed  by  driiled  tree*  fixed  by  their  slumps  in  (he  river-bottom,  and 
forced  imo  an  oblique  direction  by  the  current. 

Trees  n  an  upright  poaitiiiD  are  often  carried  out  to  sea,  and  have  been 
seen  far  from  land,  floating  with  their  topmost  bnnches  above  [he  water. 
Under  tliete  circumatances  they  have  been  iDstin mental  (like  sea-weeda 
and  icetierga.  in  difierait  degrees)  in  carrying  pebbles  and  blocks  of 
stone  ihm  the  land  into  the  deep  abysses  of  the  ocean,  or  to  tiu  distant 
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— The  theory,  so  ably  advocated  by  Sir  C.  Lyell  and  other 
eminent  geologiBts,  of  the  formation  of  coal-measures  from 
repeated  submei^nces  and  elevations  of  landa  covered  with 
dense  forests  (see  p.  682,  684),  aeems  to  be  eapecially  appli- 
cable to  those  carboniferous  formations  which  are  made  up 
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of  regular  alternations  of  coal  with  beda  composed  of  such 
earthy  materials  aa  render  it  probable  they  were  once  capa- 
ble of  supporting  a  luxuriant  vegetation. 

And  the  fact  that  the  roots  (^Stigmaria)  of  the  forest^tr«es 
(SigillariiB)  of  the  carboniferous  period  are  generally  pre- 
sent, and  for  the  most  part  in  their  natural  position,  in  the 
underclay  beneath  each  bed  of  pure  coal,  proves  that  those 
trees  grew  on  the  areas  now  occupied  by  their  carbonized 
remains.  Without,  however,  having  recourse  to  the  hypo- 
thesis of  alternate  subsidence  and  elevation  of  the  lancl  may 
we  not  suppose  that  there  were  extensive  inland  areas,* 
depressed,  like  the  baain  of  the  Caspian,  many  hundred  feet 
below  the  level  of  the  sea,  affording  the  shelter,  warmta,  and 
moisture  required  by  a  subtropical  flora,  and  subjected  to 

*  The  most  remarkable  known  instance  of  an  area  of  land  defeased 
far  below  the  aea-leTel  ia  that  mentioned  by  HOmboldt  [Comui).  In 
descending  eaatvard  rrom  Jeruaalom  to  the  Dead  Sea  and  the  \alle;  of 
Jordan,  aviev  is  enjoj'od  which,  nccurding  lo  our  present  hypiomelric 
knowledge  of  the  earlh's  anrface,  has  do  parallel  in  any  olhei  region. 
The  rocks  on  which  the  traveller  treads,  with  the  open  sky  over  Va  head, 
are  131*2  Teet  below  the  level  of  (he  Mediterranean.  Thotgb  from 
the  reTotulions  which  hnve  swept  orer  the  earth's  surface,  and  the 
displacemenl*  and  mutations  which  its  crust  baa  nndergone  lince  the 
rarbonifeious  peiiod,  there  is  but  little  probability  that  an]  of  the 
coal-fields  are  now  in  the  same  position  in  iclatloii  to  the  sea-lerel  as  at 
the  period  of  their  formation,  I  would,  neTertheleaa,  direct  attotlion  to 
the  following  atatemenls  and  remarks  of  the  illuBlrious  philoso{her  just 
ciled:— The  depth  of  the  Coal-basin  at  Liege  is  esdmated  by  VonDediea 
at  3809  feet  below  the  surface,  and  3464  feet  bmtath  the  laiiel  of  Ote 
t*ai  and  that  of  Mods,  at  5.129  :  while  the  lowermost  coal-alrati  of  the 
Saar-Ririer  (Saarbriick)  are  computed  by  the  aame  eminent  obsuver  to 
descend  to  a  depth  of  21,358  feet  btiow  the  lea-levet,  or  3.6  geognphical 
miles.  Tbi>  Is  a  depth  below  the  sea  equal  to  that  of  CMmboiazo  above 
it ;  and  the  temperature  would  be  4G7*  of  Fahrenheit  it  the  increase  be 
in  (he  supposed  ratio  of  1"  for  every  54  feetof  vertical  depth.  We  have, 
therefore,  from  the  highest  summits  of  the  Himalayahs  to  the  lowest  por- 
tions of  the  haaina  which  contain  (he  fossil  flora  of  the  carbouifeTOua 
epoch,  a  verrical  distance  of  about  48,000  feet,  or  ^  j[th  of  the  earth's 
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periodical  inundatioDa  from  mountain-torrents,  poured  down 
&om  alpine  regions  on  which  the  pines  and  other  conifene, 
associated  with  the  arborescent  ferns  of  the  coal,  may  have 
flourished  P  Would  not  such  pbyeical  conditions,  modified 
bj  occasional  changes  in  the  relative  level  of  the  land  and 
water  by  subterranean  movements,  meet  the  exigences  ot 
the  case  ? 

44.  Zoophytes  and  Echikodbbhs  of  the  Cassoni- 
FXBOTTB  SiSTEH. — We  must  now  briefly  notice  the  animal 
rennuns  entombed  in  the  deposits  that  are  associated  with 
those  which  have  proved  so  rich  and  varied  a  field  of  bota- 
nical research.  The  Zoophytes  and  Molluscs  are  for  the 
most  part  marine,  and  in  a  great  measure  confined  to  the 
limestones  below  the  coal. 

There  are  but  doubtful  evidences  of  the  Sponges  in  these 
beds ;  hut  Foramioifera  ollen  abound.  Textuiaria  and 
Endofhyra  have  been  discovered  by  Prof.  Phillips  *  in  slices 
of  limestone  from  Yorkshire  and  Westmorelaiid,  and  by  Mr. 
Sorby  in  some  mountain-limestone  irom  Shropshire.  Nod<t- 
raria  has  been  found  in  the  carboniferous  rocks  of  T  yrone, 
by  M'Coy;t  a  Nummulite-like  form  occurs  in  the  moun- 
tain-limestone both  of  Shropshire  and  of  Russia;  J  and  one 
of  the  most  characteristic  fossOs  of  the  mountain-limestone 
of  the  Lower  Volga  in  RuB8ia,§  and  of  the  Ohio  in  North 
America,  is  the  JWuZina ,-  white  limestones  and  calcareous 
shales  being  almost  wholly  composed  of  tbts  little  shell  (_^F. 
eyHniriea),  which  resembles  a  grain  of  wheat  or  rice,  and  ia 
allied  to  the  N'onioninte.  A  second  species  has  been  detect- 
ed in  the  carboniferous  limestone  of  tfie  Arctic  Regions,  by 
Mr.  Salter-!! 

■  Trena.  Polylechn.  Soc.  Yorkshire,  IS4S,  p.  277. 

t  Annals  Nal.  Hist.  lol.  lUt.  p.  131. 

X  Bullet.  Imp.  Soc.  Nat.  Moscow,  1849,  to),  xxii.  p.  337 

t  Oeolog;  of  RiiBSio,  Ft.  I.  lig.  1. 

11  Belcher's  "Arctic  Tojrage,"  to),  ii.  Appendix. 
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The  Corftlg*  amount  to  very  many  speciea,  chiefly  belong- 
ing to  tbe  genera  Alveolitet,  Ampletcut,  Auiopora,  CAietiiei, 
Clinophyllum,  Offatkopl^llwm,  lAihodendron,  lAthoftrotiem^ 
Mieielinia,  Nematophyllum,  Sgringopora,  and  ZapKrentit. 

Of  Brjozoo,  Sene*UUa  U  the  most  common  genos  in  this 
formation.  The  moon  tain-limestone  Bwarms  with  Crinoi- 
dea;  and  entire  beds  are  made  up  of  their  petrified  re- 
maini,  as  waa  explained  in  the  former  liecture  (see  p.  660). 
Elegant  and  abundant  species  of  AstinoerintH,  Gyathocrinut, 
Flatjfermui,  Foterwormv*,  and  Skodocrinut  combine  to 
characterize  the  carboniferous  limestoneB  and  Bfaalts ;  but 
•ereral  of  rarer  occurrence  ore  also  found. 

A  Bisgular  type  of  Crinoideane,  named  Fentrmniiet^ 
(Ztyn.  181, ^y.  7),  also  abounds  in  the  mountain-limestoiie, 
both  in  England  and  AmericaJ  (see  p.  666). 

Other  echinoderms  of  a  peculiar  character  (Arehteocidarit 
and  Palieehiiiitt}  are  not  unfreqnent  in  the  carboniferous 
limestone  of  Ireland  and  Torkshire, 

45.  Shelis  of  the  Cabbonifebotts  Ststbm.  —  The 
remains  of  nearly  800  species  of  the  various  tribes  of  mol- 
lusca  have  been  obtained  fix>m  this  formation  in  the  Britisli 
Isles  alone. 

About  twenty  species  of  bivalve  shells,  having  close  alli- 
ances with  existing  genera  of  Bhellsliving  in  fresh  or  brackish 
waters,  and  therefore  indicative  of  their  own  freeh-water  or 
estuarine  origin,  occur  in  some  of  the  coal-measures.  These 
fossil  genera  comprise  AnthrtKoma,^  Cardinia,  Myalina,  My- 
tilu»,  and  XTnio ;  and  some  of  the  species  abound  in  some 
parts  of  the  coal-measures  in  extensive,  though  thin,  beds  of 
shale  or  limestone,  known  as  "mussel-bands." 

•  See  Milne-EdwiLrdB  uid  J.  Haime'a  besuUfuI  Monogrsph,  published 
by  the  PalKontographical  Society,  1852. 

t  Comprised  in  Ihe  Blastoidean  Order  of  the  Echinodermats. 

t  HedKis  of  Crealion,  vol.  i.  p.  i9T. 

{  See  Prof.  King's  interesting  paper  on  the  distinctire  characters  of  Ibis 
member  of  the  Unionidn,  in  the  Annals  Nat.  MisL  2ndser.  f  ol.  xvii,  p.  St. 
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The  nMrine  shells  of  the  carboniferous  rocks  are  in.  a  great 
measure  limited  to  the  limestoae  aad  aholea  below  the  coal. 
Exceptional  instoDceB,  howeTer,  have  been  already  men- 
tioned.* Mouj  species  of  gasteropodoui  spind  univalrea 
abound  in  some  of  the  limestoues.  Pleurotomaria  and  Euom- 
phalue  are  the  most  frequent ;  the  latter  ia  remarkable  from 
its  inner  volutions  being  traversed  by  imperforate  septa.t 
Some  limpet-like  gasteropoda  are  also  found,  such  as  Capit- 
lut  and  Patella.  A  very  common  and  characteristic  uni- 
valve is  the  Bellffropkon  f  (X^.  181,  Jig.  i) ,  usually  refer- 
red to  fhe  N'ucleobranchiate  division  of  the  Qasteropoda.§ 

The  most  interesting  Gasteropod  of  the  coal-series  is  a 
pups-like  shell,  probably  a  land-snail,  of  which  one  or  two 
specimens  were  found,  together  with  the  remains  of  a  little 
batracbian  reptile,  by  Sir  C.  Lyell  and  Mr.  Dawson,  in  an 
upright  fossil  tree>fitump  in  the  coal>measareB  of  Nova-  ■ 
Scotia.y  The  cephalopodous  shells  found  in  the  mountain- 
limestone  of  Britain  and  Ireland,  and  in  the  associated  strata, 
amount  to  upwards  of  130  species.  The  Ammonite  of  the 
secondary  formations  ia  in  this  system  abundantly  represent- 
ed by  its  near  ally,  the  Qoniatiiea;  %  and  the  Navtilv*  **  and 
the  OrtAooww  ft  almost  rival  the  Goniatite  in  numbers. 

The  Ortioeenu  {Lign.  181,  Jig.  12)  may  be  described  as  a 
straight  Nautilus,  of  an  elongated  and  cylindrical  shape,  ta- 
pering to  the  extremity,  and  having  entire  septa,  pierced  by 
a  siphuncule  (Jig.  13).  The  Orthoceratites  are  often  from 
twenty  to  thirty  inches  in  circumference  at  the  largest  ex- 
tremity, and  upwards  of  seven  feet  in  length. 

Kumerous  bivalves  of  genera  closely  related  to,  if  not 
identical  with,  the  existii^  Avtcula  and  Peeten  also  occur ; 
and  other  bivalves,  such  as  Cyprieardia,  Conoeardium,  Ed- 

>  See  sbore,  p.  67G.        f  Medals,  p.  42S.        t  U«d&ta,  p.  46^ 

j  WoodwMd'a  "MmihI  of  the  Mollvuca,"  p.  Ml. 

n    Quart.  Jonm.  Geol.  Soc.  vot.  ii.  p.  .'iS,  pi.  iv. 

%  MedsliS  p.  482.        ••  Medals,  p.  467.        +t  Medila,  p.  475. 
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mondia,  Leda,  Modiola,  Nueula,  Sangvitwliie*,    Bud    Sedg- 

But  the  moat  striking  roodificatioti  in  the  molluocous 
fauna  ie  the  abundance  of  extinct  types  of  Braehiopoda  *  or 
P(tUto&raffeAM/a,t  such  aa  Athyri*,  Chonelet,  Lfpt^ena,  Lin- 
^ta,  Orthit,  Produetvt,  Bhynehonella,  Spirifer,  Slrophomena, 
Ac.  Theae  occur  in  profusion  ;  and  entire  beds  of  limestone 
Bometimea  are  aggregations  of  the  shells  of  these  ( 


As  we  descend  to  (lie  more  uicisDt  locks,  we  shall  find  these  fossils 
yet  more  prevslent ;  and  I  will,  therefore,  in  this  place  offer  b  few  re- 
maika  on  the  stmcture  of  this  family  of  moUusca.^  The  small  sab- 
globular  bivalTea,  TerBbralula,^  go  abundant  in  the  chalk,  are  some- 
times found  empty,  and,  if  Che  valTes  be  caiefully  separated,  two  curious 
appendages  are  seen  projecting  from  the  hinge  into  the  interior  of  the 
shell ;  these  processes  are  the  internal  skeleton  for  the  support  of  ciliated 
organs  for  the  production  of  currents  in  the  water.  In  the  Spirifers 
(Lifftt,  ISl,  ^1.  2,  9,  11),  there  are  two  apital  appendages  Q  which  are 
closely  oiled,  and  are  often,  like  the  substance  of  the  shell  itself,  changed 
into  calcareous  apar  (^'.2,9) ;  in  specimens  where  the  shell  is  remored, 
these  organs  may  be  seen  in  their  original  eitoation. 

The  loop-like  processes  obaerrsblein  (he  interior  of  the  shells  of  many 
of  the  fossil  Terebratula  are  the  inlemal  skeleton,  and  are  for  the  attach- 
ment of  the  muscDlar  stems,  or  stalks  of  the  fringed  arms,  or  lateral  pro- 
longatioDS  of  the  tips  of  (be  animal.  These  arms,  or  urai  appendages, 
are  fringed  with  cirrhi,  probably  coTered  with  microscopic  eiliat  and  by 
the  vibratile  action  of  the  latter  minute  particles  of  food  are  transmitted 


t  MantU-gilled :  the  animals  having  no  special  branchiie  or  gills, 
their  blood  is  aerated  throng^  the  medium  of  their  inner  integument  or 
mantlt ;  hence  this  philoBophicallj  correct,  bat  neglected  name. 

X  See  Owen  "On  the  Anatomy  of  the  Bracbiopoda,"  Zoological  Trans- 
actions, vol.  i.  p.  145;  "  Lectures  on  Comp.  Anat."  &c. ;  Woodward's 
"Manual  of  Molluscs,"  p.  209 ;  and  DaTidson'i  "  Monographs  of  the 
Brilish  Fossil  Brachiopoda,"  published  by  the  Paleeontographical  So- 
ciety (especially  the  Introduction) 

§  Medals,  p.  3S8. 

II    Hence  the  name  of  the  genus  {eml-beartngj. 
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toWRidsthe  mouth.  In  Ehi/nc&onelia  piiilaeea,Are':enX  »pecv^(Lign.  181, 
Jig.  &),  two  spiral  arma,  fringed  at  Uieir  outec  Tnargins,  ire  seen  to  arise 
&Dni  prDcessea  IwTiag  the  furm  of  Imnetlu' pUtes ;  these  oral  arms  are  quite 


free,  except  at  theic  origina  ;  when  tmfolded,  che<^  are  twice  ta  long  ai 
the  shell,  and  la  their  natural  slate  of  contraction  are  disposed  in  six  o: 
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MTeu  tpinl  gyntiont,  vhicb  dectcwe  towudi  their  «ilru>utieB.  It  hu 
been  conjectured,  that,  u  the  atenu  ere  hoUow  tram  one  end  to  the 
other,  uid  filled  witb  fluid,  thi*  migjil  be  acted  upon  by  the  spinUl;  dis- 
posed niuacles  compoBing  the  irslls  of  the  cbtwI,  and  forcibl]'  mjected  to- 
wuds  the  eitremiij  of  the  anni,  which  vould  be  Ihiu  unfolded  and  pro- 
truded. None,  howGTcr,  of  the  living  specimeaa  of  thii  animal  obserTed 
by  Mr.  Barrett,*  in  1B!|5,  protruded  theli  arma  ;  but  these  Organs  were 
extended  juac  ao  m\ich  that  the  cirrhi,  when  nabent,  came  aa  far  aa  the 
margin  of  the  ahel]. 

The  arrangement  of  the  fringed  anna  in  the  known  Uring  Brachiopoda 
ia  generally  either  more  or  less  perfectly  spiral,  eigmoid,  looped,  or  folded. 
In  the  fonil  genera  Spirifir,  Alhyrit,  Mttruia,  Rtliia,  Uneil*!,  and 
Alrypa,  the  internal,  calcareous,  spiral  appendagea  were  eridently  the 
supports  of  perfectly  spiral  amu.  If  indeed  the  arms  of  Shj/nehoneUa 
were  so  aupported,  that  genus  would  present  the  same  structure  as  that 
of  Airypa,  and  a  close  analogy  to  tliat  of  (he  Spiri/irida. 

46.  CEUSTAOKAJia  AND  IsBKCTB. — With  the  layers  of 
fresh-water  aheUe  that  are  intercalated  in  some  of  the  coal- 
deposite,  there  are  a  few  species  fdlied  to  water-fleas,  Ci/pridte. 
They  occur  abundantly  in  the  Nova-Scotiaa  and  acme  of  the 
FennsylvaniaTi  coaL-meaaurea ;  also  in  the  Shrewsbury, 
Ashby-de-la-Zouch,  Border-country,  and  Burdie-House  coal- 
strata.  In  the  last,  and  near  G-lasgow,  two  species  of  a  peculiar 
entomostraeouB  crustacean,  JEmyptertu,f  one  of  which  is 
twelve  inches  long,  have  been  discovered  by  Dr.  Hibbert. 

Dtlhyrocani  %  is  another  peculiar  form  of  the  lower  tribe 
of  crustaceans  not  uncommon  in  some  of  the  carboniferous 
strata  of  Ireland  and  Scotland. 

In  the  ironstone-nodules  of  Coalbrook  Dale,  the  remaina  of 
small  crustaceans  sometimes  form  the  nucleus,andMr.Freat- 
wich  g  discovered  some  in  a  good  state  of  preservation  {Lign. 
182).      Some  of  these  crustaceans  are  referable  to  the  lAmtf 

*  Annala  Nat.  Hiat.  2nd  ser.  Tol.  xtL  p.  257. 

t  Medals,  p.  524.  %  MedaU,  p.  525. 

t  Geo).  Tninsact.  2nd  ser.  voL  t.  p.  41. 

}  The  chemical  changes  which  haTe  taken  place  in  the  carboniferoua 
strata,  and  led  to  the  formation  of  the  bands  and  nodules  of  iron- 
stone, are  thus  explained  by  Sir  U.  de  la  Beche :— The  argillaceous 
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lot,  or  King-crab ;  a  genua  which  ie  abundant  ii 

India  and  America.  I'he  Limulus 

ia  one  of  the  lower  Cmatacea 

(EntDmostTaca),and  has  a  distinct 

carapace  or  buckler,  and  the  last 

segment  is  prolonged  into  a  point 

or   etjle ;    it   has  two  eyes   in 

front  of  the  shield,  and  the  gills 

are  disposed  on  iamelliform  pro- 


iTon-stoneB  aie  Conned  of  carboiuile  of 

iron,  mingled  mechanically  vith  eulhy      Uoh.  ai^LmvLvt  tium  cou^ 
raalter,  commonly  cotresponding  wilh  bbook  Bir.E, 

that  conatitutmg  the  ahalea  vith  which 

they  are  asBociated.  Mr.  Hunt,  of  the  Muaeum  of  Economic  Geo.ogy, 
inatitutedageries  ofexperLmeDts  to  illustrate  the  production  of  these 
day-ironstonei,  and  he  foniid  ihat  decomposing  Tegetable  matter  pie- 
vented  tlie  further  oxidation  of  (he  proloaalts  of  lion,  and  converted 
the  peroxide  into  piotoiide  of  iroa,  by  taking  a  portion  of  its  oxygen  to 
foicn  carbonic  acid.  Under  the  conditions  necessary  for  (he  production 
of  the  coal  distributed  among  the  sand,  sill,  and  mud,  the  decompmition 
of  the  legetable  toatter  would  necessarily  form  carbonic  acid,  among 
other  producta.  This  carbonic  acid,  mixed  with  water,  would  spread 
vj(h  it  orer  areas  of  different  dimensiopa  according  to  circumalances  ; 
forming  sails  and  meeting  with  the  protoxide  of  iron  in  solution,  it  would 
nmile  with  the  proloiide,  and  form  a  carbonate  of  iron.  The  carbonate 
of  iron  in  solution  would  mingle  with  any  fine  detritus  which  might  be 
held  in  mechanical  suspension  in  the  same  water  ;  and  hence,  when  the 
conditions  for  ila  deposit  arose, — which  would  happen  when  the  needful 
excess  of  carbonic  acid  was  remored.^the  carbona(e  of  iron  would  be 
thrown  down,  intermingled  with  the  mud  ;  and,  if  not  iii  sufficient  quan' 
tity  to  form  continuous  layers,  would  aggregate  into  nodules,  and  be  ar- 
ranged in  planes  amid  the  sediment.— Jfcmoira  of  the  Gtolagkai  Survey 
of  Great  Brilain,  vol.  i.  p.  185.  See  alsn  Prof.  W.  Rogers  on  the  Car- 
bonate of  Iron  in  theCoal-Measures.Silliman's  Journal,  vol.  ixi.  p.  339; 
Mr.  Binneyon  the  Origin  of  Iron-stones,  Mem.  Lit.  Phil.  Soc.  Manches- 
ter, »ol.  lii.  p.  31 }  and  a  paper  by  Dr.  Hoolter  and  Mr.  Binney  on  some 
limestone-nodules,  in  the  bituminous  coal  of  the  Lancashire  coal-field ; 
Proceed.  Roy.  Soc.  vol.  lii.  p.  188. 
■  Bucklnnd,  Bridg.  Treat,  p.  396. 
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It  is  in  the  carboniferoaB  system  that  we  first  meet,  in  a 
descendiug  order,  with  vestiges  of  the  extinct  fojnilj  of  crus- 
taceans called  Trilobites"  {Qrigitkidet,  FUlUptia,  Ac.) ;  but, 
u  these  animals  are  especially  characteriatic  of  the  older 
rocks — the  Silurian,  I  shall  reserve  a  particular  notice  of 
them  for  the  next  discourse. 

The  higher  Crustacea  are  atiU  but  little  known  in  the 
eoal-rocka.  The  OampKmyx,'f  however,  of  the  Saarbriick 
coal,  combines  some  characters  now  found  in  the  Amphipoda 
and  the  Decapods ;  and  the  PygocephaiuM  X  <*f  the  Man- 
chester coal-shales,  another  rare  form,  is  referable  either  to 
the  lower  Decapods  or  to  the  Stomapods. 

huectt. — The  remains  of  insects  belonging  to  several 
genera  have  been  found  in  the  carboniferous  series  of  Eng- 
land and  Europe.  Troin  the  ironatone-nodules  of  Goalbrook 
Dale,  several  species  of  beetles,  related  to  the  Curcvlio  or 
diamond-beetle,  have  been  obtained.  In  a  nodule  from  the 
same  locality  I  discovered  the  wing  of  a  large  neuropterous 
insect,  closely  resembling  a  species  of  living  CorydaJis  of 
Caroliua.§  The  coal-measures  of  South  Wales  have  also 
yielded  insect-remains.  | 

Numerous  specimens  of  orthopterous,  neuropterous,  and 
coleopterous  insects  have  been  described  by  F.  GoIdenbergY 
from  the  coal-basin  of  Saarbriick,  in  Bhenish  Prussia,  whence 
BO  many  other  interesting  fossils  have  been  obtained. 

^ttil  Scorpion. — -Kot  only  ore  the  remains  of  insects 
imbedded  in  the  coal-strata,  hut  also  those  of  animals  to 
which  they  served  as  food.  A  fossil  Soorpiim  has  been 
discovered  by  Count   Sternberg  in  carboniferouB  argiUa- 

•  Medals,  p.  S32. 

f  JanUn  and  voa  Heyer,  Pftl»aatographica,  yoL  ii.  p.  1,  pi.  L 

{  Hiiile<r,  Journ.  Geol.  Soc  toI.  liii.  p.  363,  pi.  liii. 

i  Medals,  p.  5&4.     This  specimen  is  now  in  the  Britiih  Mueeam. 

II  In  the  collBclion  oftlie  Rei.  S.  Lucas,  F.O.S. 

1  PolnontogrBphica,  vol.  ir.  p.  17,  plalss  iii.  lo  tL 
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ceouB  schist,  at  Chomle,  S.W.  of  Fra^e,  in  Bohemia.* 
This  fossU  is  about  two  inches  and  a  half  long,  and  is 
imbedded  in  coaUshale,  with  leaves  and  fruits.  The  legs, 
claws,  jaws,  and  teeth,  akin,  bain,  and  eveil  portions  of  the 
trachea,  or  breathing  apparatus,  are  presecred.  It  has 
twelve  ejes,  and  all  the  sockets  remain  ;  one  of  the  small 
eyes  and  the  left  large  eye  retain  their  form,  and  have  the 
cornea,  or  outer  skin,  preserved  Ja  a  corrugated  or  shrivelled 
state.  The  horny  covering  is  also  preserved  ;  it  is  neither 
carbonized  nor  decomposed,  the  peculiar  substance  of  which 
it  conaiBts,  elytrine,  having  resisted  decomposition  and  mi- 
neralization. 

47.  Fishes  of  the  Cibbokifxboub  Ststbu. — The  fishes 
of  the  coal'l'  are  of  the  placoid  and  ganoid  groups  (see  p.  352)  ; 
and  several  of  the  genera  have  not  been  found  in  any  other 
system;  all  of  these  have  the  heterocercal  form  of  tail  (see 
p.  531).  Siity  genera  have  been  determined  from  the  car- 
boniferouB  strata  of  the  British  Isles.  1  can  only  allude  to 
a  few  of  the  most  characteristic. 

Amblypterut. — This  is  a  genua  restricted  to  the  coal-mea- 
surea,  and  is  charactererized,  as  its  name  implies,  by  very 
large  and  wide  fins  composed  of  numerous  rays.  The  scales 
are  rhomboidal  and  finely  enamelled ;  and  the  teeth  are 
small,  numerous,  and  set  close  together  like  the  hairs  of  a 
brush;  indicating  that  theae  fishes  fed  on  decayed  eea- 
weeds  and  soft  animal  substances.  The  tail  is  a  good  ex- 
ample of  the  heterocercal  type.  A  restored  outline  of  the  fish 
is  given  in  Idgn.  183,  from  M.  Agaaaiz's  great  work,  the 
"  Poissona  Fosailea."     Four  apecies  have  been  found  in  no- 

•  See  Verhandl,  GeRell.  vat.  Mua.  BShmen,  1835.  p.  35  ;  Dc.  Buclt- 
lanrt'B  BridRewaler  Treatise,  plale  46,  p.  406,  et  icq. 

t  See  aome  interestiii);  remarke  on  the  flshea  of  the  North  Amencan 
coal-beda,  hy  Mr.  Newberry,  in  the  Edmb.  New  Phil.  Joura.  New 
aeries,  toI.  t.  p.  364;  and  by  Hesarg.  Worthen  and  AgBBBiz,  ibid. 
p.  367. 
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dulea  of  ironstone  at  Saarbriick,  on  the  bordere  of  Lorraine ; 
and  at   Newhaven,  near  Leith. 

MegalkKtKyt. — Of  the  remarkable  group  of  fiebes  t«rmed 
Sattroid*  tbe  remaina  of  two  genera  have  been  discovered 
iu  the  Btrata  at  Burdie  House  by  Dr.  Hibbert,  and  subse- 


quently in  several  other  localities.  The  Ifegalielitliyi  was 
covered  with  enamelled,  quadrangular,  finely  granulated 
scales,  very  thick,  Mid  nearly  an  inch  wide.  The  head  was 
prot«cted  by  strong  enamelled  plates.  It  had  very  lai^ 
teeth,  which  were  conical,  hollow,  and  striated.  This  fish  was 
friim  three  to  four  feet  in  length. 

Solfptyehiw. — This  is  a  genua  of  gigantic  sauroid  fishes, 
some  species  of  which  attained  a'length  of  thirty  feet.  The 
scales  are  thin  and  nearly  circular,  the  upper  surface  corru- 
gated in  ridges,  and  from  one  to  five  inches  in  diameter. 
The  plates  covering  the  head  have  a  shagreen-surface  with 
irregular  ridges.  It  has  large  conical  sauroid  teeth  of  great 
density ;  and  numerous  long  slender  teeth. 

Cattraeiontt.i — Semains  of  numerous  extinct  species  of 

>  Uedtta,  p.  615.  f  Medab,  p.  5S3. 
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fiBlies  related  to  the  recent  Geatracion,  or  Fort  Jackson  shark, 
ire  found  in  some  beds  of  the  moimtun-limestone,  especially 
near  Bristol,  and  at  Armaeh,  in  Ireland.  At  the  latter  place 
Admiral  Theobald  Jones  has  collected  vast  numbers  of  beau- 
tiful specimens  of  teeth  (both  of  the  cutting  and  the  crush- 
ing forms),  and  of  fin-bones  or  spines  firom  the  hard  grej 
marble ;  some  of  them  being  of  large  sise.* 

48.      SXPTILEB   07    THX   OaBBOITIFEBOTI!   FEBIOD. — Not 

many  years  since,  reptilian  remains  not  baring  been  then 
found  in  the  carboniferous  rocks,  it  was  suppcmed  that  the 
earliest  date  of  the  eiistence  of  reptiles  on  this  earth  was 
that  of  the  Fermian  rocks.  Now,  however,  we  have  both 
bones  and  foot-tracks  of  reptiles  not  only  in  the  coal-mea- 
sures and  in  the  moimtain-limestone,  but  in  the  Devonian 
strata. 

The  Archego»aur»t,f  a  sauro-batrachian  of  close  relation- 
ship with  the  Labyrinthodon  (see  p.  662),  has  left  abundant 
remains  in  the  coal-fields  of  Bhenish  Frussia,}  the  Parabo' 
iraehtt*  §  occurs  in  the  coal  of  Scotland ;  and  the  allied 
Dendrerpeton,\  and  the  labyrinbhodontoid  Baphetet,^  have 
been  found  in  the  coal-measures  of  14'ova  Scotia. 

Cheirotherian  foot-tracks  of  reptiles  have  been  discovered 
on  some  of  the  shales  of  the  coal-measures  in  the  Unit«d 
States ;  ••  and  in  the  red  shales  at  Fottsville,  Fennsylvania, 
which  Dr.  Isaac  Lea  refers  to  the  carboniferous  series,  but 
which  the  State-geologiste,  the  Froferaors  W.  B.  and  H.  D, 

'  A  very  magnificent  aaria 
Geological  Sodety's  Huaeum, 

t  Medals,  p.  745. 

I  See  Henninn  von  Mayer's  elaborate  Memoir  on  the  Atchegosauri 
and  allied  genera,  in  Hm  PaUeontographiea,  tdI,  tL 
Quart.  Jouni.  Geol.  See.  toI.  ii.  p.  67. 

li  Ibid.  p.  S8 ;  and  LyeU'a  Manual,  9th  edit.  p.  405  ;  Medals,  p.  746. 

K  Quait.  Jouni.  Geol.  Sac.  vol.  x.  p.  2U7,  and  Tul.  xl  p.  8. 

•■  Seeabore.p  57(1;  and  Lydl'a  Manual,  5lli  edit.  p.  4Q1.  . 
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Bogen,  ddinniiine  to  be  the  local  repreBentative  of  the 
lower  portion  of  the  MountatD-limeBtoiie,  both  Dr.  Lea  and 
Prof.  H.  D.  Bogers  have  found  foot-tradiB  resembling  those 
of  thin-toed  eaurianfl.* 

Stmilar  tracks  to  the  last  mentioned  have  beenfound  on 
tbe  coal-shale  of  the  Forest  of  Deane ;  and  Cheirotherian 
footprints  on  ■  gnttj  carbonaceouB  Btratum,  forming  a 
"roof"  of  the  coal,  in  one  of  the  coal-mines  at  Dalkeitb,t 
which  are  worked  in  the  Mountain-limestone  series. 

Here  then  are  evidencea  enough,  and  doubtlessly  further 
researchea  will  contribute  more,  of  tbe  terrestrial  and  am-  - 
phibious  vertebrated  animals,  which,  crawling  among  the 
tangled  Bwsmpj  junglea,  and  on  the  oozj  sur&ce  of  the 
shores,  inhabited  the  lands  that  were  clothed  with  the  luxu- 
riant  vegetation  of  the  csrboniferoua  flora. 

49.  Clima^ts  of  the  Faj.sozoic  a^sxs. — Tbe  cause  of 
the  difference  between  the  natural  climates  now  prevailing 
over  extensive  zones  of  the  earth's  surface,  and  those  which 
the  organic  remains  discovered  in  many  of  the  older  strata 
lead  us  to  conclude  have  formerly  subsisted  during  very  long 
periods  of  time — and  apparently  over  the  greater  part  of  its 
whole  extent — is  one  of  those  geological  problems  the  solu- 
tion  of  which  is  not  at  present  wholly  within  our  reach. 
Unable  to  account  for  such  a  distribution  of  an  apparently 
high  climatorial  temperature — a  diffusion  of  heat  and  light 
BO  greatly  at  variance  with  that  which  has  prevailed  during 
the  human  epoch — the  mind  naturally  endeavours  to  pene- 
trate the  mystery  by  a  reference  to  physical  causes  extra- 
neous to  our  planet.  But,  as  yet,  astronomy  has  aflbrded 
no  satisfactory  elucidation  of  the  subject. 

A  variatioD  in  the  eccentricity  of  the  earth's  orbit,  and  a  change  in  the 
position  of  the  tropical  lone,  on  account  af  (he  precession  of  Uie  equinox 

■  Savropai prbriirmu.  Lea,  Ttonancl.  Amer,  yial.  Soi-.  ml.  i.  \%b'i. 

t  Hugh  Miller's  Testimon;  of  the  Rocks,  p.  78.  These  specimens 
aie  deposited  in  the  Museum  of  the  Geological  Surrey,  in  Jeimyn  Street. 
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— both  change*,  which,  though  silremely  slow,  are  appreciable — have 
been  brought  forward  to  account  for  the  phenomena  under  reviev. 

From  the  diminutioa  of  the  eccentricity  of  the  earth's  orbit  round  the 
Ban,  b;  wliich  the  ellipse  is  in  atatn  of  approach  to  a  circle,  the  annual 
average  of  solar  radiation  is  on  the  decrease  ;  end  therefore,  as  a  genenil 
cause,  and  one  affecting  the  mean  temperature  of  the  whole  globe,  and 
the  effect  of  which  is  both  inevitable  and  susceptible  of  exact  estimstion, 

In  assuming  a  temperature  in  northern  regions  sufficient  to  support  a 
quasi- tropical  vegetation,  it  must,  loo,  be  borne  in  mind,  that  light  is  as 
indispensable  as  heat  for  the  Ininriant  growth  of  tree-ferns,  conifers, 
cycadece,  &c. ;  and,  by  analogy,  for  the  gigantic  club-mosses  and  ferns 
of  the  carboniferous  period.  The  absence  of  tight  for  weeks  or  months 
would  probably  be  fatal  to  most  of  the  eiisting  tropical  forms  of  vegeta- 
tion. It  is  therefore  as  necessary  to  account  for  the  presence  of  light  as 
for  a  high  temperature  in  the  northern  regions,  where  fossil  plants  indi- 
cate the  former  genial  influence  of  a  warm  climate  and  sunny  skies  dur- 
ing the  carboniferous  era. 

To  account  for  the  existence  of  regiona  capable  of  nipporting  auch  a 
flora  as  that  of  the  coal-measures  in  norlhem  latitudes,  it  has  been 
argued  by  an  American  author,t  that  the  changes  on  the  earth's  sur- 
AKe  which  have  produced  the  successive  strata  and  organic  remams,  as 
far  as  these  are  re^lar,  are  attributable  to  the  progress  of  the  perihelion 
point  around  the  ecliptic  :  that  by  the  precession  of  the  equinoxes,  and 
the  progress  of  the  perihelion-rotation  of  the  earth's  orbit,  a  great  uni- 
form zone  of  tropical  climate,  which  formerly  surrounded  the  globe  in  a 
different  course  from  that  of  the  present  tropica,  has  by  very  alow  de- 
grees changed  its  position,  and  that  the  present  tropical  zone  succeeds 
it  in  a  continued  change  of  poailiun-t 

•  Sir  J.  P.  W.  HetBcheU  on  the  Astronomical  Causes  which  may  in- 
fluence Geological  Phenomena.    Geol.  Trans.  2nd  ser.  vol.  iii.  p.  293. 

t  "An  Essay  on  Organic  Remains  as  connected  with  an  ancient  Tropi- 
cal Region  of  the  Earth."    By  T.  Gilpin,  Philadelphia,  1843. 

t  The  subject  of  hypothetical  causes  of  conditions  and  changes  of 
temperature  in  former  periods  of  the  earth's  history  has  beeu  also  treated 
of  by  the  late  Mr,  W.  D.  Saull,  in  his"  Essay-on  the  Connexion  between 
Astronomical  and  Geological  Phenomena,"  Svo,  London,  1853  ;  and  by 
Mr.  Evan  Hopkins,  in  his  book  entitled,  "  On  the  Conneilou  of  Geologj- 
wilil  Terrestrial  Hagnelism.^'  Svo,  London,  1651. 
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Whether  either  or  both  of  the  ahove-naiaecl  causes  ma/ 
be  regarded  aa  applicable  or  adequate  to  have  produced  any 
of  the  contemplated  effects,  I  must  leave  to  the  astronomerB 
to  determine.  There  is,  however,  another  cause,  first  sug- 
gested by  Sir  C.  Lyell,  that  possesses  all  the  esBectial  re- 
quisites  of  a  vera  eaiua ;  and  that  is  the  varying  infiuencQ 
of  the  distribution  of  land  and  sea  over  the  surface  of  the 
earth.* 

A  change  of  nich  dlgtribnlion  in  the  lapw  of  ages,  bj  the  degradatias 
at  the  old  landi,  ajid  ih«  elevation  of  new,  u  a  deraoustroted  fact ;  and 
the  iofluence  of  euch  a  change  on  the  climates  of  pailiculai  cegionB,  if 
not  of  the  wliole  globe,  ii  a  perfectly  fair  coactusion,  ftom  what  we  know 
of  GontinMital,  insular,  itnd  oceanic  climates  b;  actual  obaerTation. 
"  Here,  then,"  obaorves  Sir  John  Herschel,  "  we  bsve,  at  least,  a  cause 
OD  which  a  philosophei  may  conient  to  reason ;  thougli  whether  the 
changea  actually  ROing  on  are  such  as  to  warrant  the  whole  extent  of  the 
conctuaton,  or  are  eren  taking  place  in  the  right  directioD,  may  be  con- 
eideced  as  undecided,  until  the  matter  has  been  more  thoroughly  ex- 
amined." t  Aqolher  astronomical  lource  of  periodical  Tariability  in  the 
general  temperataie  of  the  earth's  guTtace  has  been  brought  forward  by 
Sir  John  Henchel,^  who,  instancing  the  obserred  larlability  in  the  lumi- 
nosity of  certain  stare,  suggests  the  possibility  that  the  sun  of  our  syslem 
may  in  the  course  of  ages  be  subject  to  aimilai  phases  of  augmented  oi 
diminished  energy ;  and  that  such  Tariabilily  in  the  periods  coniemptated 
by  Geology  may  have  given  rise  at  one  epoch  to  a  general  equatorial 
oliniate,  and  at  uiother  to  one  far  below  the  general  temperature  that 

Two  other  supposed  ctuises  of  the  existence  of  &  general  warm  climate 
in  ihe  earlier  geological  periods  maj'  be  here  menliuned  :  namely,  1. 
Central  heat,  supposed  to  be  the  remains  of  a  former  and  very  much 
greater  heat,  which  has  been  gradually  diminishing  during  some  indefinite 
period  of  time :   2.  The  passage  of  the  solar  system  through  some  region 

■  Highly  important  remarks  on  the  r^tiie  extent  of  land  end  se^  tn 
the  paleozoic  ages  were  found  in  the  ISlh  chapter  of  Sir  Roderick  Uur- 
chiion'e  "  Silnria," 

t  "Disconrseonlheatudy  of  Nalural  Philosophy,"  p.  346. 

I  In  hia  mitgnificent  work.  eHtitled,  "  Resjilt  of  Astronomical  Observ. 
atiuus  made  at  Ihe  Cape  ut  Good  Hope,"  1847,  p.  331. 
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of  Btellu  space,  of  which  the  tempeniture,  owing  to  Bt«IlM  nuUktion,  ii 
DiDch  greater  than  that  in  which  it  is  now  placed. 

Boib  of  th«se  hjpotheBSB  hare  be«a  tie&ted,  eapeciall;  in  teference  to 
the  Glacial  period  in  the  Tertiary  age,  in  a  masterl;  manner  by  Mr.  W. 
Hopkini,  of  Cambridge,  in  the  Geological  Society'g  Jonmal.*  With  ro- 
gaid  to  the  first,  he  remarks,  that  the  effect  on  Uu  superficial  tempen- 
tnre  due  to  this  cauie  mny  have  been  formBily  of  any  amount,  but  a  now 
reduced  to  within  l-30t^  of  a  degree  of  Fabrenheit  of  that  ultimate  limit 
to  which  il  would  be  reduced  in  an  indefinite  period  of  time.  Bupponing 
the  external  conditions  under  which  the  earUi  is  ru)w  placed — anch  as  Iba 
amount  of  radiation  &om  the  sun  and  stais,  and  the  state  of  the  almo- 
tphere — to  remaiu  as  at  present.  Poisson  has  calcnlated  thai  it  would  re- 
quire 100,000  millions  of  years  to  reduce  the  present  tempsratuie  by 
about  l-40tb  of  a  degree  of  FabrenbeiL  It  is  probable,  therefore,  that 
many  millions  of  years  mnit  have  elapsed  since  the  central  heat  can  hate 
elevated  the  earth's  superficial  temperature  by  a  single  degree,  and  it  is 
only  to  the  more  remote  geological  periods  that  we  can  refer  for  any 
Tery  sensible  chauge  in  the  climatal  conditions  of  oui  ^oba  due  to  this 
cause.  Prof,  Bamsay,  following  oat  Ibis  line  at  tirgimeal,  has  shown  f 
that  the  JDlemal  heat  of  the  earth  has  exerted  no  important  climatal  tn- 
flaence  during  any  of  the  geological  periods,  from  the  SiLoriati  times  down- 

Of  the  second  hypothesis,  which  wu  suggested  by  Poiseon,  Mr.  Hop- 
kins remarks  that  it  involves  the  necesiaty  of  supposing  a  totally  different 
dietribulion  of  the  group  of  stars  to  which  the  sun  should  belong,  or  the 
near  approach  of  tlie  solar  system  to  some  individual  star  ;  either  supposi- 
tion being  probably  inconsislent  with  the  integrity  of  the  solar  system  as  it 
now  exists.  At  all  events,  this  hypothesiB  would  not  account  for  the 
changes  of  climalal  temperature  that  have  taken  place  in  comparatively 
Ute  gBOlogical  times. 

The  soundness  of  the  theoretical  views  of  the  probable  C4U«e«  of 
climate]  i^anges  suggested  bj  Lyell  is  well  elucidated  by  Mr.  W. 
Hopkins,  in  Ibe  Memoir  above  quoted,  by  tax  exposition  of  the  probable 
eonfiguralion  of  the  European  and  North  American  areas  in  the  Glacial 
period; — when,  according  to  Mr.  Hopkins,  the  absence  of  the  Gnlf-stream, 
with  its  influences  upon  tba  westsm  coast  of  Enri^,  may  be  asaunaedi 


■  See  hit  Memoir,  "  On  the  Causes  of  Change  in  the  Earth's  Supecfl- 
'dnl  Temperature,"  Jonm.  GeoL  Sac-  vt)L  viiL  p-  SG ;  tod  his  Presi- 
dential Address  G>r  1863,  Had.  p.  IviL 

t  Quart.  Jooni.  GeoL  Soo.  vol.  xi.  p.  303. 


jji.z.iit,,Goog[c 


TlO  THE  WONDEKS  OF  OSOtOOX.  Inn.  Til. 

together  vilb  tbe  mbmergence  beneath  the  sea  of  •  Urge  portion  of  . 
Northern  and  Western  Europe.* 

50.  Betbospbot  ;  BoTAincA£  XPO0H8. — I  will  conclude 
this  diicourse  with  ft  review  of  the  prerailing  botanical  cIib< 
racters  duriiig  the  principal  geological  epochs. 

Coant  Sternberg,  M.  Adolphe  Broogniart,  Di.  Lindle}',  and  olbei  emi- 
nent botanisM  haTe  adduced  some  interesting  generalizations  Itom  the 
foaail  floras  of  the  Tarioua  fonnatioiis  :  and  although  concIuBions  of  this 
kind  muBt  be  regarded  in  the  natme  of  abiftiag  hypotlieseB,  and  will  le- 
qaire  to  be  modified  by  new  diBcoveiiea— for  ail  the  fosail  species  at  pre- 
eent  known  amount  only  to  about  two  thouaandi-t-  yet  the  charactera  of  Ihe 
floras  of  ceitaia  foimations  differ  in  so  striking  a  manner  from  those  of 
others,  that  it  is  Ter;  improbable  that  muiy  of  the  eaaential  features 
haTe  been  lost. 

The  flora  of  the  ancient  world  may  be  regarded  as  characteristic  of 
three  distinct  eras.  The  first  period,  termed  by  Brongniart "  the  age  of 
Acrogens,"  comprehends  the  earliest  strata  in  which  traces  of  vegetation 
appear.J  l"!^  includes  the  Carboniferous.  The  planta  of  this  epoch  con- 
HkSt  of  tHicoida,  ferns  uf  varioas  kinds  in  great  abundance,  coniferous  trees 
related  to  species  of  warm  climates,  cycadace^  a  few  flowering  plants,} 

*  See  also  A.  Henfrey's  "  Vegetation  of  Europe,"  for  some  valuable 
remarks  on  this  subject. 

t  Prof.  Giippert,  in  1S45  (Rep.  Brit.  Assoc.),  computed  the  number 
of  species  of  fossil  plants  then  known  to  amount  to  nearly  2000 ;  and 
stated  theii  diatribntion  in  the  strata  to  be  aa  follows ; — 


below 

Triasslc 

the  Coal,  principally 

in  the 

Oolitic    . 

Devonian      .        . 

.    52 

Wealden 

819 

Gretaceons 

Permian   .        .        . 

.    68 

Tertiary 

.    454 

J  Lycopodiaceous  seed-vessels  and  fragments  of  wood,  fonnd  in  the 
Upper  Silurian  Tiiealones,  are  the  oldest-known  lerreilTial  plant-remains. 
— H.  E.  Suickland,  Qaarl.  Joum.  Geot.  Sac.  vol.  ix.  p.  10;  and  J.  W. 
Salter,  ibid.  vol.  liv.  p.  76. 

{  The  AntholiUt  of  the  coal-measures.  Some,  at  least,  of  these  may 
have  belonged  to  monocotyledonous,  or  eren  dicotyledonoua,  flowering 
plants,  such  as  the  Bromeliacees  or  the  Lobeliaceee.    See  Lindlay  and 


..Google 


f  51  RETROSPECT.  777 

great  woody  eqaisetacett,  gigantic  lycopodiieeie,  and  trees  (Sigillarire) 
whose  pieciae  telatioDS  to  knovn  fbrnia  is  not  deteTmined.  In  thU  flora 
the  tree-ferns  predominate,  and  (be  general  type  of  the  vegetation  is  ana- 
logous to  that  of  the  islands  and  archipelagoa  of  tropical  and  subtropical 
Climates 

Tbe  second  period  (that  of  Gymnosperms)  oitenda  from  the  Triaidc 
01  New  Red  (0  the  Chalk  inclasiTe,  and  ia  characterized  by  the  occur- 
rence of  many  ipeciea  of  cycadaces  and  conlfere,  a  few  palma,  and, 
in  the  Lias,*  of  a  few,  but  in  the  Cretaceous  beds  (see  toI.  i.  p.  329) 
of  many,  dicotyledonous  plants;  while  the  proportion  of  ferns  is  mnch 
less  than  in  the  preceding  period,  and  the  lycopodiaceic  and  equiaetacen 
are  fewer,  and  present  forms  different  to  (hose  of  the  carboniferous  strata. 
A  flora  of  this  nature  corresponds  with  that  of  the  coasts  and  maritime 
districla  of  New  Holland  and  the  Cape  of  Good  Hope. 

The  third  epoch  (Brongniart's  "  ageofAngiospermB"}  isthat  of  the 
lerliary,  in  which  the  dtcotyledonaus  tribes  present  themselres  in  great 
abundance ;  the  cjcadaceEe  are  rare,  the  ferns  iu  diminished  numbers, 
and  the  coniferEe  and  palms  numerous. 

In  the  latest  tertiary  strata  are  imbedded  the  remains  of  trees  and 
plants  of  species  still  living  in  the  countries  where  these  deposits  occur ; 
and  so  also  in  the  beds  in  actual  progress  of  formation,  the  most  delicate 
vegetable  remains  are  preserved ;  thus,  in  the  tacaslrine  marls  of  Scot- 
land the  leaves  and  seed-vessels  of  the  Charee  are  found  in  a  state  of 
fossilizalion  scarcely  distinguishable  from  the  gyrogonites  of  the  tertiary 
strata  of  (he  Paris  basin,  and  of  Headon  Hill,  or  of  the  Purbeck  beds  of 
Dorsetshire. 

From  thia  reriew  of  the  botanical  epoche  which  the  pre- 
sent state  of  geological  knowledge  enables  us  to  establish, 
we  perceive  that,  &om  the  most  ancient  formation  in  which 
traces  of  vegetation  remain,  the  sea  has  supported  the  usual 
forma  of  marine  plants  ;  and  that  on  the  land,  fema,  other 
cryptogamia,  and  conifene  have  existed  through  periods  of 
indefinite  duration  to  the  preaent  time ;  the  most  striking 
and  important  differences  in  the  ancient  and  modern  floras 
being  the  numerical  preponderance  of  the  eryptogamia  in 

Hntton's  "  Fosail  Flora;"  Horria,  in  Prestwieh's  Memoir  on  Coal- 
brook  Dale,  Geot.  Trans.  2iid  ser.  vol.  v. ;  and  Hooker,  in  Lyell's 
"  Manual  "  (Supplem.  1857). 

*  Buckman,  Quart.  Joum.  Geo).  Soc.  vol.  vi.  p.  517. 
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the  fonner,  and  of  the  dicotyledonoua  tribes  in  the  latter,— 
and  the  more  extensire  geographical  range  of  the  same 
Bpeoiea  of  plaats  durug  the  Carboniferoiia  era.  The  theoiy 
of  the  progreeaive  development  of  creation  receives  do  aup- 
port  from  the  state  of  T^tation  in  the  early  geological 
epochs  J  not  only  the  moat  perfectly  organized  of  the  crypto- 
gamic  claaa,  but  the  conifene  *  also  are  among  the  oldest  of 
fossil  plants. 

The  absence  of  nearly  all  vegetable  forma  in  the  most 
ancient  fosBiliferous  rocks  must  not  be  regarded  as  a  proof 
that  the  floras  of  those  remote  perioda  were  thus  sterile ; 
the  only  legitimate  inference,  in  the  present  state  of  our 
knowledge,  is,  that  the  circumstances  under  which  those 
strata  viere  accumulated  were  unfavourable  to  the  envelop. 
ment  and  preservation  of  terrestrial  plants.  We  have  seen 
that  the  grand  fundamental  distinctiona  of  the  vegetable 
kingdom  eiisted  in  the  eariy  secondary  ages,  a  fact  in  aci 
eordance  witk  vrhat  we  observed  in  the  animal  kingdom : 
and  thus  the  same  unity  of  purpose  and  design  is  manifest 
in  all  the  varied  forma  of  organization  that  lived  on  our 
planet  through  the  vast  periods  of  time  which  geological  in- 
vestigatians  have  enabled  us  to  scan. 
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fiMT  I.— THE  SETOKUN,  BILUKUN,  ANC  CAUBBUN  VOBIUIIONB. 


a  PlBtati  aiiij  ll«ptJlei.    10,  Tha  gUuilim  wkl  Cunliri 


1.  Inthoductobt.— In  the  previous  Iiecture  the  Floras  of 
the  palieozoic  agee  constituted  the  principal  subject  of  inres- 
tigation.  "We  eiatnined  the  primeTal  forests  of  coniferte, 
the  groves  of  ivboresceat  ferns,  and  jtmglea  of  Sigillarw 
and  Calamites,  which  clothed  the  surface  of  the  soil  in  that 
remote  period  of  the  earth's  physical  history.  The  insecta 
which  fluttered  among  the  tropical  vegetation  of  the  islands 
and  continents  of  those  periods,  the  reptiles  of  the  swamps, 
and  the  fishes  and  orustaceans  which  inhabited  the  seas  and 
rivers,  were  brought  in  review  before  us,  and  we  contem- 
plated their  extraordinary  forms  and  organization,  as  pre* 
served  by  those  natural  processes 

"  Which  turned  the  ocean-bed  to  rock, 
And  changed  its  myriad  liring  swarms 
To  Ihe  marble's  reined  foim*."         Has.  Howin. 

We  now  advance  another  stage  in  our  eventful  progress  j 
and  again  we  have  to  investigate  deposits  that  have  been 
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accumulating  for  itmumerable  ages  in  the  profound  deptlu 
of  seas  fed  by  rivers  and  etreamB  charged  with  the  detritus 
of  the  countries  over  which  they  flawed,  and  imbedding  the 
remaina  of  the  planta  and  animalB  that  existed  at  the  period 
of  their  fonuatioQ.  Again  we  shall  find  new  forme  of  ex- 
istence presented  to  our  notice,  differing  &om,  but  bearing 
an  analogy  to,  the  inhabitantB  of  the  vratera  which  deposited 
the  marine  etrata  of  the  most  ancient  beds  previously  ex- 
amined, yet  altogether  disBimilar  from  those  of  modem  eras. 
In  vain  may  we  seek  for  the  remains  of  the  mammalia  of  the 
Tertiary  period,— of  the  molluscs,  fishes,  and  reptiles  of  the 
Chalk, — of  the  colossal  oviparous  quadrupeds  of  the  country 
of  the  Iguanodon, — of  the  dragon-forms  of  the  Oolite,— of 
the  fish-like  lizards  of  the  Lias,— or  of  the  tropical  forests 
of  the  Carboniferous  period, — all  have  disappeared ;  And,  as 
the  traveller,  who  ascends  to  the  regions  of  eternal  snow, 
gradually  loses  sight  of  the  abodes  of  man,  and  of  the  groves 
and  forests,  until  he  arrives  at  sterile  plains,  where  a  few 
stunted  shrubs  alone  meet  his  eye, — and,  as  he  advances, 
even  these  are  lost,  and  mosses  and  lichens  remain  the  only 
vestiges  of  oi^anic  life, —  and  these  too  at  length  pass  away, 
and  he  enters  the  confines  of  the  inorganic  kingdom  of 
nature ; — in  like  manner  the  geologist,  who  penetrates  the 
secret  recesses  of  the  globe,  perceives  at  every  step  of  his 
progress  the  existing  types  of  animals  and  vegetables  gra- 
dually disappear,  while  the  relics  of  other  creations  teem 
around  him ;  these  in  their  turn  vanish  from,  hia  sight, — 
other  new  strange  modifications  of  organic  structure  sup- 
ply their  place, — these  also  fade  away, — traces  of  animal  and 
vegetable  life  become  less  and  less  manifest,  until  they  alto- 
gether disappear ;  and  he  descends  to  the  crystalline  rocka, 
where  idl  evidence  of  organization  is  lost,  and  the  granite, 
like  a  pall  thrown  over  the  relics  of  the  former  world,  con- 
ceals for  ever  the  earliest  scenes  of  the  earth's  physical 
drama. 
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2.  The  DirowiAir  Sbbies. — I  purpose  in  thia  divisioa 
of  the  present  I^ecture  to  coDsider  the  characters  and  rela- 
tions of  the  remaining  systems  of  fossiliferoua  deposits, 
namely,  the  Devonian,  Silurian,  and  Qimirian  :  all  the  still 
more  deeply  seated  rocks,  so  far  as  our  present  knowledge 
extends,  being  destitute  of  any  traces  of  organization,  whe- 
ther of  the  animal  or  of  the  vegetable  kingdoms. 

The  DeronUn  seiicB,  foimerly  called  the  Old  Rid  Sandilone  (p.  205), 
lies  immediately  beneath  the  Caibaiiifeioua  LimeBlcne,  and  ia  largely 
deTeloped  in  DavoiiHliire  and  Corawall,  in  PembrokeBhire,  Monmourh- 
shire,  and  Herefordshire  ;  in  the  sonth-eagt  bordei  of  the  Grampiona, 
and  OTei  a  large  poitioa  of  the  north-eaBlem  part  of  Scotland.  In  Ire- 
land there  are  eitenalTe  areat  of  stratA  of  DeTonian  age,  in  the  north, 
south,  and  central  districts.  This  aeries  conusls  of  many  allemations  of 
conglomerates,  ihalea,  and  saDdslonea,  in  Tarions  states  nf  induration. 
The  conglomerates  are  foimed  of  quartz-pebbleB,  waler-wom  fragment* 
of  alale  and  other  rocka,  cem«Dted  together  either  by  an  argillaceous  or 
a  silidoua  paste,  coloured  more  or  leas  deeply  red  by  peroxide  of  iron. 
The  quarli  has  been  chiefly  derived  from  the  vein-etones  of  the  old  slate- 
locka.  These  strata  hare  evidently  resulted  Irom  the  degradation  of  an- 
cient crystalline  and  schistose  rocks ;  and  have  been  originally  ac. 
cumulated  in  the  state  of  pebbles,  sand,  and  mud. 

In  Scotland,  where  the  Deronian  series  was  GrsI  characteiiied  by  being 
fomid  to  conlBJn  many  peculiar  fottila,  and  where  it  ia  of  vast  thickness, 
it  will  probably  always  be  known  bj  its  first  name  of  "Old  Bed  Sand- 
atone."  In  DeTOnshire  it  containa  shells  of  a  character  intermediate  to 
those  of  the  Silurian,  on  the  one  hand,  and  those  of  the  carboniferous 
rocks  on  the  other,  and  none  of  which  are  known  lo  occur  in  Scotland. 
The  Devonian  or  Old  Bed  strata  were  therefore  identified  .first,  from 
their  geological  position,  by  Sedgwick,  Murchiaon,  and  Lonsdale.*  Sub- 
sequently the  two  firsl-mentioned  of  thttse  authors  compared  the  Da- 
Tonian  of  Britain  with  the  infracarboniCerous  rocks  of  the  Rhine.t 
Lastly,  the  identification  of  the  group  as  really  one,  both  by  position 
and  organic  contents,  was  established  by  the  survey  of  Russia,  when  Sir 
R.  Murchison,  Count  Keyserliug.  and  M.  de  Vomeuil  demonstrated  that 
the  ichthy  elites  of  the  "Old  Bed"  of  Scotland,  including  many  of  the 
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verf  Mun«  ipecies,  and  Ui«  iIibIIi  of  the  DevoniAD  bedi  of  the  south  of 
Eagltnd,  ore  GongTagated  in  the  tuna  laaasea  of  und  and  shiUe.* 

Whilst  theie  ia  no  doubt  uf  the  muine  origin  of  the  corolliferona  ind 
ihetly  Deroaian  limeatoneB  and  ahales  of  Devon,  Belgium,  Germany, 
and  Ruaaia,  there  is  a  difference  of  opinion  existing  Ai  to  whether  the  Old 
Red  itnit>  of  Boolland,  Ireland,  and  Hereford  hare  been  accumolated  in 
marine  oi  in  fresh  waler,— along  the  margioa  of  a  aea,  or  in  great 
kkea.-t' 

The  foaaib,  so  far  aa  the  British  Idea  are  concerned,  do  not  decide  the 
qaeatioD.  Tb«  Old  Bed  fiahea  may  have  been  iahabitanu  of  riiera  and 
lakea,  like  their  modem  aJliea,  Ihe  Bony-pikes  of  tiie  North  American 
waters,  and  the  Bichira  of  (he  Nile.  The  local  abundance  of  plant-ra- 
maina  merely  indicatea,  In  some  cases,  the  close  pronimily  of  land  j  and 
in  others,  probably,  the  presence  of  weedy  shallows.  The  only  shell-like 
foaail  in  tlie  Caithness  achiala  la  undescribed,  and  may  be  either  a  Posi- 
donomya,  a  Cyulaa,  or  an  Eslheria.  On  Ihe  other  baud,  the  peculiar  and 
cbaracteriatii:  cmatacean  of  the  ForfaiBhire  flagslonea  (the  Pierygotus) 
ia  associated  with  some  marine  ahella  in  the  "Tileatonea"  of  Lesmahag* 
and  Ludluw  (the  paaaaga-beds  between  the  Silurian  and  the  Old- Bed)  ■ 
though  in  the  Yellow  Sandstone  of  Ireland  (Upper  Devonian  or  Lower 
CarboQifeioos)  it  accompanies  Ilie  probably  tieshwater  molluse,  Anodonta 

Although  usually  the  conglomerates  are  supposed  to  have  been  the 
result  of  an  agitated  sea  acting  on  the  lately  upheaved  slate-rocka,  yet 
Mr.  Ocdwin-Austen  regards  these  great  conglomerate -beds  aa  not  being 
more  than  equivalent  to  (he  enormous  ahingle-deposits  of  Lake  Snpeikir, 
and  refera  to  the  fact  that  Ihe  whole  extent  of  the  Old  Red  series  of  Great ' 
Britain  and  Ireland  is  not  equal  to  the  area  of  the  North  American 
lakes.  The  outflow  of  the  fresh  water  of  the  hypothetical  Old  Red  lake- 
aystem  would  carry  its  tishes  (which  might  also  have  been  of  eslnarine 
habila)  into  the  Bea.deposila  of  the  period ;  and  thus,  in  Mr.  Godwin- 
Ansten'a  opinion,  account  for  the  inlennixture  of  the  Scottish  fishes  with 
marine  sheila  in  the  Devonian  strata  of  Russia.  In  North  America,  the 
Catakill  or  Old  Red  Sandstons  is  rich  with  the  characteristic  fish-remains, 
Eolopij/chiia  and  Aaterolepii,  but  yields  only  two  kinds  of  shells, — of  the 
doubtful  genus  C^rpruxinJitsi  (Vanuzem).  Important  objections  to  this 
hypotheaia,  however,  are  advanced  by  Sir  Roderick  Murchiaon,  in  "Si- 

•  See  also  "Siluria,"  p.  264. 

t  See  Godwb-Austen'a  remarks,  Quart.  Journ.  Geo).  Sac.  vol.  lii. 
p.  51,  &□  t  '■Siluila,"  p.  259,  &c. 
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8,  SuBDinsioirB   of  xbb  DKvornjji  SteTSU:   Hzbe- 
roKSBHiBi  A.VD  Ikelakd.— The  uppermoBt  beds  of  this 
Byetetn,  for  the  most  part,  dip   conformably  heneftth  the 
mountaitt-limeHtone,  or  other  membera  of  the  carboniferous 
series,  and  the  lowermoat  pasa  into  strata  that  belong  to  the 
upper  member  of  the  Silurian  series.     For  the  conTenieace 
of  study,  the  deposits  comprised  in  this  formation  in  Here- 
fordshire and  the  neighbouring  coantiea  are  subdivided  into 
two  groups : — 
T.  QuiHTZOse  coNOLOHERAtes,  S1.NDST0HSS,  AND  BBiLEs.    The  Sand- 
stones are  ot^en  either  of  a  deep  chocalate-ted  or  gTeen[ah  colour. 
The  Bhalea  partake  of  the  same  tiols,  but  are  frequently  mottled 
-with  blotches  of  red  and  green.  Fiahes  of  the  genua  Hokptychiut 
and  plant-Temains. 
II.   Flaqstoheb,  su&les,  ahd  cobkstonb.     Sandy  flagstones,  witli 
intercalated  red  and  greeniah  sbales,  containing  irregular  bands 
of  concretionary   limeatone,   proriDcially  termed   "comstone.' 
Abundant  remaina  of  Cep/ialiupii  and  other  peculiar  fishei. 
[This  group  pasaea  into  the  Upper  Silurian  "  TiJestonea ; "  reddish, 
grey,  and  yeltoirish  shalea  and  flasile  aandstanes,  which  were 
fbnnerty  grouped  with  DeTottiaD  strata,  but  ore  now  recognised 
as  passage-beds  between  the  two  series,  though  most  nearly  con- 
nected, as  to  their  zoological  contents,  with  the  Silurian.*] 
The  total  thickness  of  this  system  in  Herefordshire  and 
South  Wides  is  estimated  by  Sir  E..  Murchison  at  about 
9000  feet ;  and  in  Brecknockshire  it  constitutes  the  loftiest 
mountains  of  South  Britain.'t 

The  red  conglomerates  of  this  system  are  well  displayed 
on  the  righ^  bank  of  the  'W"ye,J  from  Monmouth  to  Tintern 
Abbey  {Medah,  p.  865)  :  and  the  Devonian  sandstone  and 
conglomerate  form  the  base  of  the  Mountain-limestone  at 
the  embouchure  of  the  Avon,  and  the  central  nucleus  or  axis 
of  the  Mendip  HiUa  (p.  522). 
*  See  Quart.  Joura.  Geol.  Soc.  voL  xiii.  p.  290. 
t  "Silurian  8jstein,"p.  170,  Ac.!  and  "  Silurla,"  p.  243. 
t  For  the  section  of  the  Old  Red  strata  of  the  Wye,  see  Phini^<a'i 
"Manual  of  Osolt^,"  1956,  p.  HI. 
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In  Ireland  there  are  several  stragglu^  exposures  of  red- 
dish  Bondstones  and  coUglomerstes,  in  the  southern,  ceotral, 
and  northern  districts.*  These  sandetones  are  overlaid  at 
places  by  the  "yellow  sandstones"  and  "carboniferous 
elates."  t 

4.  DBvoiriAir  btbata  of  Detosshibe  and  Cobswaxl. 
— In  the  Houth  of  Devonshire,  in  many  places  dipping  north- 
ward towards  and  beneath  the  anthracitic  or  ciilmiferous 
shales  and  limeataaes  (p.  697),  there  is  an  extensive  series 
of  strata  composed  of  green  chlorite -slates,  alternating  with 
quartzose  schists  and  eandetoues,  with  blue  and  grey  lime- 
stones, which  pass  into,  or  are  associated  witli,  red  sand- 
stones and  conglomerates.  Many  of  these  beds  abound  in 
organic  remains.  These  slaty  rocks  of  Devonshire  were 
formerly  regarded  as  belonging  to  the  earliest  or  most 
ancient  fossiliferous  strata — the  fPratuttion  roekt,  as  they 
were  termed,  until  the  labours  of  Professor  Sedgwick  and 
Sir  B.  Morchison,  aided  by  the  palteontological  research  of 
Mr.  Lonsdale,  ascertained  their  true  position  and  relations, 
and  the  unity  of  type  which  prevails  in  the  organic  remains 
of  the  entire  system,  in  places  very  distant  from  each  other, 
and  under  very  dissimilar  conditions  of  mineral  character- 
The  Devonian  strata  of  South  Devon  extend  westward 
into  Cornwall,  and  the  beautiful  coralline  marbles  of  Bab- 

*  See  Griffilh's  Geol.  Map  ot  Ireland ;  and  Ihe  Map  accompany  lug 
Mr.  Godnin- Austen's  Memoir  In  the  Geal.  Jourti.  vol.  xii.  p.  46. 

t  See  Portlock's  "Report  on  Lonilond<in7,"&c.;  Repoit  Bcit.Assoc. 
'S43,  rep.  sect.  p.  42,  and  p.  47 ;  Uiid.  1852,  sect  pp.  43,  47,  and  51  ;  Mr. 
Kelly'apapei  in  the  Journ,  Geo).  Sac.  Dublin,  vol.  lii.  p.  1 1  & ;  and  particu- 
larly Portlock'8  PresLd.  Address,  1857,  Geol.  Soc.  Journ.  vol.  iiii.  p.  J20. 
To  .this  late  summary,  by  Gen.  Portlock,  of  the  labouiB  of  geologista 
amnng  the  Carboniferous  and  Deionion  locka  of  Ireland,  Ilie  reader  is 
eapeciallj  referred  for  a  philosophical  review,  uot  only  of  tlie  relations  of 
these  rocka,  but  of  the  principles  by  which  geologists  should  be  guided  in 
working  out  the  correlation  of  presumed  equiTalent  deposits  in  differeDL 
districts.    See  alao  Auaten.  Rep.  Brit.  Assoc.  1833,  sect.  p.  93. 
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bicombe,  Torqunj,  &a.  (pp.  060  and  662)  belong  to  this 
formation. 

In  If  orth  Devon  *  also  there  are  thick  aeries  of  gritty, 
Bandy,  and  shaly  rocke,  coming  out  from  under  the  black 
anthraciferoua  strata  of  the  central  district,  and  presenting 
many  characters  in  common  with  the  Devonian  rocka  of 
South  Wales,  from  which  they  are  separated  by  the  Bristol 
Channel. 

From  careful  and  extended  examinations  of  these  rocks 
and  their  fcaeils  in  North  and  8outh  Devon  and  in  Cornwall, 
a  serial  order  has  been  recognised,  according  to  which  the 
northern  and  southern  bands  of  strata  are  more  or  less  uni- 
formly  arranged,  although  great  differences  in  their  mineral 
composition  and  in  the  variable  abimdance  or  paucity  of 
foasile,  and  the  frequent  metamorphic  changes  the  rocks  have 
undergone,  have  made  thia  a  difficult  study.t 

Beneath  the  culm-limestones  and  black  shales  with  Fori- 
dowtmym,  succeed — 

(1.)  The  Sarfl«6>p^  or  Pe/A«rtM«  group  of  strata  i  chiefly 
consisting  of  shales  and  sandstones,  associated  with  a  bme- 
atone  containing  a  peculiar  cephalopod,  the  Clymenia,  of  the 
Nautiloid  family.  These  beds  contain  numerous  plant-remains 
(^Aipidoria,  &c.),  and  comprise  a  series  of  strata  (the  Filton 
group)  whichare  the  equivalents  of  the  "Yellow  Sandstones" 
of  Ireland  and  the  Boulonnais.  They  constitute  the  beds 
of  passage  between  the  Carboniferous  to  the  Devonian 
systems,  being  very  closely  related  by  conformability  and 
fossils  to  the  former.  This  group  is  equivalent  also  to  the 
C^pridinen-tokiefBr  and  Olifmenien-kalk  of  Germany. 

*  See  tbe  d«scripUan  of  a  aeetion  acrou  Koith  DcTon,  in  "  Siluiu," 
p.  256. 

t  Sedgwick,  MuicMboh,  Ixnudate,  Austen,  De  la  Beche,  Phillips, 
Sbarpe,  Giles,  Peach,  Pattisoo,  and  man;  othera  have  etucidsied  these 
strata  and  fowilB  in  the  publications  of  tbe  Geological  Societiee  of  London 
and  Cornwall,  and  in  othei  works. 
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(2.)  The  Ji/?wwni  or  P^ynuMriA  group,  compriBing  the  rich 
coral-hmeBtoneB  of  South  Devon:  the  equivalent  of  the 
Eifelian  group  of  the  Devooian  rocks  on  the  Ahine,  contain' 
iug  Stringooephalat  Bvrtmi,  Bronte*  Jlabellifer,  and  Cal- 
eeola  sandalina,  as  tjpicat  foaailB. 

(3.)  The  iMfon  or  Aiiihurton  group ;  representing  the 
WiBBenbach'slatea  of  the  Shine,  with  Flewrodictgvm  pro- 
hUmatiaum. 

Cornwall  principally  coneista  of  "  Devonian  "  strata,  with 
metamorphio  sohiste  or  slates  {hilltui),  and  great  massea  and 
numerous  dykes  (ehatti)  of  igneoua  rocks  ;  but  Silurian  *  oc 
Cambrian  t  foBsils  have  been  detected  in  the  schists  and 
quartzites  of  two  of  the  southern  headlands  (Nore  Head  and 
the  Dodman). 

The  killat  are  argillaceous  strata,  probably  of  "  Devonian  " 
age,  that  have  been  indurated  by  metAmorpMc  action,  like 
those  of  Scandinavia  and  the  TJral  Moontaius,  and,  as  in 
those  countries,  traversed  by  granites  and  porphyries.  Sir  B. 
Murchison  remarks,}  that  the  stanniferous  (tin-hearing') 
gravels  of  Cornwall  bear  the  same  relation  to  the  granite 
and  killas  as  the  auriferous  deposits  of  the  Urals  to  the 
erupted  and  schistose  rocks  of  that  chain, 

5.  Dbtonias  Sebies  Ob  Old  Ebd  oi  Scotlakd.— Tiie 
deposits  of  this  system  occupy  an  important  place  in  the 
geology  of  Scotland.  They  have  of  late  years  attracted  con- 
siderable attention  from  the  interesting  fossils  tl.ey  have 
yielded,  and  the  admirable  illustrations  of  the  most  import- 
ant phenomena  given  by  the  late  Mr.  Hugh  Miller  in  hii 
delightful  and  instructive  works.§     According  to  this  charm* 

■  Muichiaon ;  Transact.  Bo;.  Geol.  Soc.  Connrall,Tal.  tL  p.  317,  &c. 

t  Sedgwick ;  Quart  Joum.  Geol.  Soc.  vol.  viu.  p.  1,  &c. 
Jameson's  Ediaburgh  Journal,  1847,  toI.  iliii.  p.  40. 

$  It  is  acarcetjr  necesaarjr  to  enumerate  those  of  the  well-known 
worka  of  (his  gifted  and  lamented  writer  which  more  eapeciall;  lefsr  to 
hia  tavonrile  and  long-studied  group  of  the  "Old  Red"  strata.  The 
■tndent  most  necessaiil/  have  (requent  lecoune  to  the  following  for 
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bag  writer,  the  whole  of  the  north-eastern  part  of  Scotland, 
from  the  Fentbrnd  Frith  to  the  mouth  of  the  Briver  Spey , 
GonaiBts  of  DeToniaQ  deposits  reBting  on  a  central  nucleus  of 
cryBtalliue  rockB,  tie.  granite,  gneisB,  and  micaceous  schiBta. 
Similar  strata  are  also  found  in  insulated  patches  in  various 
places  of  tbe  interior  of  the  country. 

South  of  the  Grampians,  Devonian  strata  underlie  the 
Carboniferous  strata  of  Fifeshire  ;  and  a  zone  of  these  de- 
posits skirts  the  southern  flank  of  thoBemountains,iTom  Stone- 
haven to  the  Frith  of  Clyde,  and  constitutes,  with  intrusive 
trap-rocks,  the  Bidtaw  HiJls  and  the  Valley  of  Strathmore. 

In  a  section  ■  of  the  coimtiy  from  the  Toot  ot  the  Gnmpians,  in  Poi- 
hnhire,  to  the  sea  at  Arbroath,  a  distance  of  about  twenty  milea,  where 
Ihe  entire  mtus  of  slitita  is  eereral  tboiuand  feet  thick,  a  triple  division 
of  Uie  Old  Red  Sandstone  is  very  obviouB ;  namely,  let,  and  uppeimost, 
jellavish  sandatonei,  led  and  mottled  shales,  conulone,  and  aandatone. 
2.  Conglomerates,  often  of  vast  thickness.  3.  Tilestones  and  paving- 
sbmes,  h^thly  micaceous.  The  lowermost  beds  contain  lemaina  of  grass- 
like orfiicoidal  plants  in  abundance,  together  with  numerous  small  black 
patches  {Parka  Jicipittu  of  Fleming)  resemblu^  crushed  blackberries, 
tome  of  which  have  been  regarded  as  the  catkins  of  plants  resembliag 
rushes  or  sedges  (Sparganium],  whilst  others  have  been  thought  to  re 
semble  more  nearljr  the  spawn  of  newta  and  other  animals. f 

The  following  is  a  general  claeaificatioa  of  the  Devonian  rocks  of 
North  Britain.! 

iSandstonesand  shales.  Reptiles  (Ttlajnlcn  Elfinenit 
and  foot-tiBcks) ;  numerous  fishes ;  some  plant-re- 
mains. Pehbly  griti  and  sandstone.  Remains  of 
fishes  and  plaaU 

critica!  infonnation  on  this  interesting  series  and  its  fossils  :—"  The  Old 
Red  Sandstone,  or  New  Walks  In  an  Old  Field ; "  "  The  Footprints  of  the 
Creator,  or  the  Asterolepis  of  Stiomness;"  and  "  The  Testimony  of  the 
Bocks." 

*  See  Lyell's"ManualofGeolDgy,"&(hedit.  p.  4S  ;  and  Hurch [son's 
"Siluria,"p.  248. 

f  SeeQuart.  Joum.Geol.  Soc.  Tol.iiii.  p.  106;  and  Ljell's  "  Manual 
of  Geology,"  Sih  edit.  p.  421. 

t  Page's  "  Text  Book,"  p.  124 ;  Lyell's  "  Manual,"  p.  415,  Ac.  See 
alto  Rep.  BriL  Assoc.  18&S,  seel.  p.  92. 
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(  Sudttonw  uid  conglomentea,  witli  ilules  uid  com- 
MlPDLB        1      jj^^    ™|^  tjpicil  "  Old  Bed  "  of  Cumbeiland. 
orK«lGioup.   I      Fife,  pe^  ^'SportaiO 

/  Hicaoean*  laadjr  flagstoaes,  Bometimes  bituminoiu ; 
LowEB       V     numeroua  fiihea  uid  pUnti  (CaiUmesB) ;  flagstones 
01  Giey       <      and  titestoaes ;    fishes,  cruataceana    (Ptery^otttt), 
Group.        J      ud  plant-iemaina  (Foitarahire) ;  with  aandaconea 
^      and  conglomeraUs. 
The  predominating  colour  of  the  great  aandatonea  and 
GonglomerateB  has  probablj  b6en  derived  Irom  the  debris  of 
the  red  gnmitic  gneiaa  which  forms  chains  of  precipitous 
ridges  in  the  north  of  Scotland.     This  rock  contains  htema- 
titic  iron-ore,  diffused  as  a  componeot  of  the  stone  through- 
out its  entire  mass  ;  and  this  metal  also  occurs  in  insulated 
blockfl  of  great  richnesB,  and  in  thin  filiform  veins.* 

6.  DETOITLUr  B0CE8  OS  THE   CoNTINEin  AND  AUXBICA. 

— On  the  Gontbent,  DoTonian  strata  are  of  vride  extent.f 

They  hare  1)e«ii  well  atadied  in  Briltany,  the  Bonlonnaia,  and  Belgium- 
In  Bheniah  Prussia  and  the  adjacent  dialricts  of  Germany,  Utey  nnderlie 
the  orboniferous  aeries,  and  may  be  traced  around,  and  dipping  under, 
the  coal-field  of  Weatphalia.  In  the  Bheniah  Provinces,  thoogh  the 
atrata  are  otlen  greatly  contoited  and  broken,  and  even  aometimea  in- 
verted or  bent  bach, — the  younger  lying  over  the  older  beds, — yelaperfect 
and  complete  succession  of  groups  of  Devonian  atjala  have  been  ehovn 
to  exist  in  this  region,  chiefly  by  the  labaurBofSedgTickandHurchiBon,{ 
d'Archiac  and  De  Vemeuil,  Rtsmer,  and  the  brothers  Sindberger. 

•  Miller's  "  Old  Ked  Sandstone,"  p.  248. 

t  See  MurchieosaitdNicorsOeol.  Hap  of  Europe  ;"Siluria,"  chapters 
10,  13,  14.  and  lb  ;  and  Phillips'  "  Manual,"  p.  144. 

t  The  important  Memoir,  "On  the  DistribudonandClaaaiGcation  of  the 
Older  or  PalEDOioic  Deposits  of  the  North  of  Germany  and  Belgium,  and 
their  Compariaoa  vilh  Formations  of  the  same  age  in  the  British  Islea," 
by  Sedgwick  and  Murchison,  in  the  Geol.  Trans.  2nd  sei.  vol.  vi.  p.  221, 
&c.,  followed  by  MM.  d'Archiac  and  DeVemeuU's  "  Descriptions  of  the 
Foesila  of  the  Older  DepoeilH  in  the  Bhenish  Provinces  "  (airf.  p.  303),  waa 
the  groundwork  for  subsequent  labaura  in  this  Sold.  A  full  i^um£  of 
the  aubjecl,  eariched  with  all  the  conectiona  and  additions  made  since 
1840,  and  noticing  the  views  of  others  relative  to  some  discussed  points 
of  clasaification,  has  beeo  given  to  the  public  in  Sir  R.  Muichison's  lat« 
work  on  the  history  of  the  Paheozoic  rocha,  "Siluria;"  and  to  (hta 
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The  general  order  of  the  Rheniih  DiToniui  ttrtet  Bppeart  to  be,  lat, 
(appeimoet},  Cypridiaa-achiata,  Clfmema-limestonee.  uid  OoaUtite- 
ichists;  2.  the  grent  GiTel-limestoDe  uid  C&lceoU-achut ;  3.  Wiwen- 
boch-schiata  uid  the  Coblentz-greyiracke  or  Spiiifer-saudatone. 

In  Ruaaia.,  Bccording  to  the  reaearchea  of  Sii  R.  I.  Murchiaon  and  hia 
colleagues,*  the  Deronian  strata  extend  orei  an  area  of  150,000  aquare 
milea,  a  region  mare  apacioua  than  the  British  lalea ;  and  ;el  throughout 
this  vast  gnperfcies  the  aeriea,  though  of  lesa  thichnew,  is  even  more 
distinctly  marked  by  ita  typical  fosails  than  in  the  disturbed  diatricta  of 
oar  own  little  Islajid  :  foi  the  fosail  fishea  of  Old  Red  achisls  of  Scotland, 
and  Ihe  fos«il  aIieU«  of  Devonahire  and  the  EiTet,  are  there  fonnd  in  the 
same  deposita. 

Id  North  America,  the  Devonian  depoaita  appear  in  &  very  prominent 
and  characterialic  form,  surrounding  each  of  Ihe  great  coal-fields  of  the 
United  States ;  and  consiat  of  a  thick  series  of  shalea,  sandatones,  and 
flagstones,  often  rich  with  Devonian  foaaila,  auimoanted  by  red  aandstone, 
conglomerate,  and  shales  containing  remains  of  some  of  the  pecuUar  flsbes 
vhich  are  so  abundant  alao  in  the  "  old  red  aandalone  "  of  England  and 
Scotland.  These  Deronian  rocks  of  North  America  are  divided  into  the 
fuUowbig  12  groups,  in  desceuding  order,  the  Calskill,  ChemuDg,  and 
Portage  groups,  Genessee  slate,  Tully-limestone,  Hamilton  group,  Mar- 
cellus-shales,  Conuferons  and  Onondaga  limestones,  Schoharie  and  Caoda- 
galli  grila,  and  the  Oriakany  sandstone.  Devonian  rocks  occur  also  on 
the  eastern  aide  of  the  Rocky  Monnlaina,  along  the  great  Mackenzie 
T<aiey.+ 

Devonian  fossils  have  besn  Found  also  in  South  America  (D'Orblgny),  J 
the  Falkland  Islands  (Darwin), {  Australia  (Strezlecki  ],  ||  North  and 
South  Africa  (Overwegfl  and  Bain),**  and  China. +t  In  fact.tle  DeTonlan 
racks  are  perbaps  the  most  widely  apread  of  all  the  palsoioic  groups. 

standard  aathority  the  reader  is  referred  for  a  foil  account  of  the  De- 
Tonian  rocka  of  Oennany  and  Belgium,  and  a  comparison  of  these  with 
the  Old  Red  series  of  Britain  and  other  countries. 

*  "  Geology  of  Russia  in  Europe  and  the  Ural." 

t  Richardson  and  Isbiater,  Geol.  Soc.  Jonm.  vol.  li.  p.  509. 

t  "  Voyage  dans  I'Amerique  M^dionale,"  p.  35. 

i  Quart.  Journ.  Geol.  Soc.  vol.  ii.  p.  274. 

[|  "  Pbyeical  Deacription  of  New  South  Wales  and  Van  Diemen's 
Land:  Appendix. 

1  Rep.  Brit.  Assoc.  1851,  sect.  p.  58. 

••  Trans.  Geol.  Soc  2nd  a«r.  vol.  vii.  pp.  182  and  224. 

if  BulleL  I'Acad.  Belg.  vol.  ilii.  part  2,  p.  415.  Qoart.  Joum.  GeoL 
Soc.  vol.  ii.  p.  353 ;  and  ibid.  vol.  xii.  p.  378. 
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7.  Obsakio  Bkuahtb  of  the  Deyoituji.— The  deposits 
comprised  under  the  names  of  the  "  Old  Bed  "  uid  "  Devoni- 
an" were  formerly  regarded  as  very  sterile  in  organic  remains, 
and  classed  among  the  so-called  Transition  rocks  (yoI.  i.  p.  37), 
in  which  it  was  supposed  that  traces  of  animal  life  first  ap- 
peared. Modem  researches,  however,  have  shown  that, 
though  many  of  the  strata  are  locally  unproductive  in  fossils, 
yet  others  abound  in  the  remains  of  corals,  shells,  crustaceans, 
and  fishes.  The  marine  iauna  of  this  period  is  extremely 
rich,  containing  certain  peculiar  types,  but,  as  a  whole,  form- 
ing a  connecting  link  between  the  zoology  of  the  Silurian 
series,  which  preceded  it,  and  the  Carboniferous,  which 
followed. 

Ichthyolites  are  abundant,  and  occasionally  crustaceans, 
in  some  of  the  sandstones  of  Caithness,  Cromarty,  Forfar, 
Oamrie,*  and  other  localities  in  Scotland,  and  in  the  Old  Bed 
Sandstone  of  Herefordshire  ;  but  only  very  slight  traces  of 
shells  have  been  found.  In  the  limestones  and  schists  of 
Devonshire,  on  the  contrary,  shells,  corals,  crinoida,  and  tri- 
lobites  are  numerous. 

Fiantt. — Of  the  vegetable  kingdom,  many  traces  are 
found  in  the  Devonian  series;  aa  well  aa  occasional  inter- 
calations of  thin  layers  of  coal  and  carbonaceous  strata.  Aa 
a  whole,  the  Devonian  flora  is  nearly  related  to  that  of  the 
subsequent  Carboniferous  period. 

The  flagitoDSB  of  FarTsnbire  ■bound  irithimpreaaiona  of  obscareplsnt- 
lemaiiu,  imd  unongat  these  are  found  the  blackben}r-|ike  fMailil,  slmidy 
slluded  to  under  the  aune  of  Parka  dtc^ntTu  (p.  787).  Thase  are  gcoiips 
of  small,  flattened  hexagonal,  carboniceoiu bodies,  occDpyiag  slight  de- 
preesiona  in  the  atone  ;  and,  accotding  lo  some  obaerTan,t  are  not  alwayt 
relics  of  seeds,  but  frequently  are  the  remaina  of  (he  apawn  of  malinsct 
and  baliachiana,  ud  eren  pouibly  of  cmitaceans  and  fiabea. 

■  Pieatirich,  Geoi.  Trans.  Snd  ser.  vol-  t.  p.  139. 

t  Fleming,  in  Ediob.  Joura.  Nat  Science,  1331,  vol  iii.,  and  in  Haiohi- 
•im's  "SUnria,"  p.  266;  HantsU,  Quart.  Jonm.  Ged.  Soc  vol.  Tiii. 
p.  LOG;  LyeU,  Manual,  p.  421 ;  Page,  Tezl-book,  p.  136. 
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The  flagstonea  of  CaitlmeBa  uid  the  Orkneys  hsva  afforded  much  mora 
distinct  eridences  of  the  Daioniaji  flora.  Accarding  to  Mr.  Salter,*  we 
have  here  the  8l«ms  and  loots  of  Conifere  in  abundajice,  with  remains 
of  Lycopodiaceoui  ploJitS,  not  altr^ther  dissimilar  from  gome  portions 
of  the  rich  DeTonian  flora  of  the  Thiiriogerwuld,  collected  and  deBciibed 
by  Bichter  and  Unger.f 

Id  the  "Yellow  Sandstone"  of  Knocktopher,  near  Kilkenny,  which  ia 
Uanally  classed  aa^Uppet  Devonian,  ferns  (Cyelopitru  Hiberaica),  Le- 
pidodendron,  Ltpid^Ai/Uum,  and  StigTnaria  occnr  in  profusion,  asao- 
ciated  with  temaina  of  Holoptt/chmi,  Plerygotui,e.ni.  an  Anodonta-like 
Bhe114  In  North  America  also  plant-remains  are  freqnent  in  the  Devonian 
atrala,  and  Lepidodendron  occnra  low  down  in  the  seiiee.  Prof.  Daw- 
son {  has  recognised  coniferous  wood  in  the  Deronian  tocka  of  Gaspi, 
Canada 

Zoaphytei,  ftc.|{  —  The  Corals  and  CrinoidB  are  numerous, 
and  many  of  the  genera  are  found  also  both  in  the  Silurian 
and  the  Carboniferous  rocks.      AlveoUtes,  Mivoiitet,    and 

•  Quart.  Joum.  Geol.  Soe.  vol.  siv.  p.  72.  See  also  Hugh  Miller's 
"  Testimony  of  the  Rocks." 

f  Vienna  Acad.  Transact,  vol.  li. 

X  Report  Brit.  Aaaoc.  Ig53,  rep.  sect.  p.  43.  See  also  Prof.  Harlc- 
ness's  paper  on  the  "  Occurrence  of  Scalarifonn  Tissue  in  the  Devonian 
Rocks  of  Ireland."   Edinb.  New  Phtl.  Joum.  vol.  Iv.  p.  65. 

i  Proceed.  Americ.  Assoc.  10th  meeting,  p.  174 

II  For  flgures  and  descriptions  of  the  fossil  invettebrata  of  the  Pals- 
OEoic  rocks  of  Cornwall,  Devon,  and  West  Somerset,  the  student  must 
consult  Prof  Phillips's  able  "Report  Pal.  Foss.,"  &c.,  1841 ;  and  the 
Memoirs  by  Sedgwick,  MurcMson,  Lonsdale,  and  Austen,  in  the  Geol. 
Transact.  2nd  ser.  vols.  v.  vi.,  &c  The  Devonian  Corals  of  BriUin  form 
Ihesubject  of  a  beautiful  Monograph,  by  Milne  Edwards  and  Haime,pab- 
lished  by  the  Palieontographical  Society,  1853.  Agassiz's  "  Poiss.  Foss." 
■nd  Hagh  Miller's  '<  Old  Red  Sandstone  "  and  other  works  illustrate  the 
Devonian  fishes.  The  Devonian  fossils  of  Germany  may  be  studied  in  (he 
special  Memoirs  by  D'Archiac  and  DeVemeuil,Richter  and  Unger,Rcemer, 
the  Sandbergers,  Geinitz,  Ac.;  those  of  Prance  are  illustrated  in  many 
papera  in  the  BuUelin  and  Mimoiret  of  the  Geological  Society  of  France ; 
and  those  of  Russia  have  beeu  described  by  D'Orb^y,  and  beautiftilly 
figured  in  the  "  Geol,  Ruaaia."  Hall,  Vanuxem,  and  others  have  well 
illustrated  the  Devonian  fossils  of  North  America.  Several  DevonisQ 
fossils  are  well  figured  in  Lyell's  "  Manua',"  5tb  edit.,  and  in  Murchi- 
son's  "  Siluiia." 
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C^aMopAyZ/wm  are  common  in  the  Mountam-Umestone,  the 
DeTonian  marbles,  and  the  Upper  Silnma  of  Dudley.  The 
erinoideana  comprise  sereral  genera,  eBpecially  C^hoerinus 
(p.  664)  and  Sexaerinut.  Pentremitet  aad  JEehtnotphtBtitet 
tiao  occur.  The  bryosoa  also  aire  well  repreeented  in  the 
DeTonian  rocks. 

J^tlutea. — The  shells  in  some  districts  are  very  nnmerouB, 
eoneiating  of  many  genera  of  gasteropoda ;  as,  Euomphalut, 
Losonema,  Fleurotomoria,  Murcii*of:ui,  Ac. ;  and  aceph^a, 
M  Avicula,  Oucwltaia,  Megahdm,  Nueala,  &c. 

But  the  most  remarkable  feature  in  the  conchology  of 
this  epoch  is  the  abundance  of  the  ancient  types  of  bracbio- 
poda.  In  the  British  Devonian  strata  ^one  bave  been 
determined  of  Athyri*  7  species,  L^Uma  8,  Orihu  12, 
RhgachoneOa  19,  and  of  ^irifer  27. 

Of  the  higher  order  of  molluscous  animals,  apecies  of 
five  geoen  are  met  with  in  Deronshire.  The  most  common 
belong  to  Orlhoeerat,  Cyrtocerat,  Gonuitiiet,*  and  Clj/menia.f 
The  Orthoceratit«8  in  the  limestones  of  Deronshire  often 
attain  a  large  size.  The  shell  ia  commonly  changed  into 
white  calcareous  apar,  which  in  aections  forms  a  beautiful 
contrast  with  the  red  hue  of  the  surrounding  rock.f  Two 
species  of  ZfauCiltu  tie  found  in  Devon,  and  five  species  of 
the  heteropodons  Selleri^hon. 

8.  Ckcstaoeams  op  thz  Detoviait  Sebieb. — In  this 
formation  the  chief  palteoioio  type  of  Crustaceans,  the  Tri- 
lobit«,iB  present  in  considerable  numbers,  though  not  rival- 
ling the  myriada  that  are  imbedded  in  the  Silurian  rocks. 

•  Medals,  p.  482.  t  Medals,  p.  473. 

t  Polished  alices  of  marble  marked  with  sections  of  OrtLocentitea  an 

■old  by  the  lapidaries  of  Torquay  and  Teignmoutb.  Hedalii,p-474.  Tbe 
cufioue  bodies,  termed  "  Beelcites,"  which  are  found  in  the  Mew  Red 
ConglaiaeTata  of  Torqusy,  appear  to  have  been  rolled  fossils  of  the  Devo- 
nian limestone,  which  haye  been  coaled  with  chalcedony  whilst  in  the 
conglomerHte,  and  aderwanis  decomposed  to  a  greater  or  lets  extent.  See 
Bep.  Brit.  Assoc  1B5«,  sect.  p.  74. 
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The  Phaeop»  in  caaaatm  farm;  tlie«pinoseHomoloDOti*are 
charact«riatio ;  and  a  peculiu  trilobite,  termed  Sronleg^abeU 
lifer,  bae  hitherto  been  found  only  in  the  Devoniim  depoBita. 

Pterygotut. — A  large  species  of  an  extinct  genus  of  crus- 
taceans, of  a  low  type,  occurs  in  the  Devonian  Bandstone  of 
Forfarehire,  Herefordshire,  £c. ;  and  fragments  of  the  cara- 
pace or  shell  have  long  been  known  to  collectors  as  "petru 
jied  SeraphimM,"  the  name  applied  to  these  fosBils  by  the 
quarrymen,  from  their  &ncied  resemblance  to  the  conven- 
tional figures  of  cherubs.t  The  first  specimens  which  threw 
light  on  the  nature  of  the  original  were  discovered  by  Mr. 
Hugh  Miller  at  Balmddery.  The  carapace  of  this  animal 
forms  a  somewhat  semicircular  shield,  and  the  long  part  of 
the  body  is  protected  by  a  succession  of  transverse  plates, 
terminated  by  a  caudal  flap.f  The  claws  resemble  those  of 
the  common  lobster.  The  crustaceoui  covering,  or  shell,  is 
ornamented  externally  with  circular  and  elliptical  markings, 
which  give  it  an  imbricated,  scaly,  and  somewhat  feathered 
appearanl!e :  and  it  was  the  imprints  of  this  surface  that 
produced  the  enigmatical  foesUs  to  which  the  workmen 
ascribed  a  celestial  origin !  Some  specimens  in  dicate  a  total 
length  of  eight  feet. 

Pterygotut  occurs  also  in  the  uppermost  of  the  Silurian 
deposits ;  and  EmrypteruB,  an  allied  genus,  occurs  both  in  the 
Upper  Silurian  and  ia  the  Carboniferous  rocks.  Some  of 
the  small  hi  valvular  entomostraca  occur  also  in  the  Devonian 
rocks,  such  as  the  ZeperdiHa  ;  ^  and  a  great  group  of  schists 

•  Lj'ell't  "  Huiuol,"  p.  429.  f  Miller's  "  Old  Red  SandsUma." 

X  See  Ljell'B  "Manual,"  Eith  edit.  p.  430,  for  a  leatoied  &gaie  ot 
this  animal,  bj'  Prof,  M'Coj' ;  and  the  QubtI.  Journ.  Geol.  Sac.  vol.  liu 
p.  28,  for  a  flgura  of  SiTnanloplerut  (a  closely  allied  form),  by  Mr.  Salfei ; 
aee  also  SalUr,  ibid,  vol.  viii.  p.  386,  and  Agaasiz,  "  Fosb.  Vieuz  Qrit 
Rou^,"  p.  lii.  By  the  kind  permission  of  Sir  R.  Muichison,  the  EdiCoIr 
can  also  refer  to  p.  155  of  the  new  edition  of  "  Siluria,"  now  in  the  preu, 
lot  a  restored  fipire  of  Plerjgotus,  by  Mr.  SallBt. 
i  Annala  Nat.  Hist.  2nd  ser.  tdI.  xviii.  p.  89 
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u  the  upper  part  of  the  Beries  ia  bo  full  of  the  aHells  and 
caeta  of  entomoetraca,  hitherto  auppoeed  to  be  Ogpridina, 
that  they  are  known  as  the  "  Cypridinen-achiefer."  It  ia 
highly  probable,  howerer,  that  these  entomoatraca  will  prove 
to  have  Uttle  or  no  relation  to  the  Ogpridina  of  M.  Milne 
Edwards,  when  cwefuUy  examined  by  crustaceologists. 

9.  FisHXB  Ain>  Seftileb  of  the  Dbyohian  Ssbieb. — 
H.  Agassiz  haa  detennined  no  leas  than  one  linndred  apedea 
of  fossil  fishes  &om  the  Deronian  formation,  in  which,  not 
very  many  yeara  since,  a  few  doubtful  acalea,  discovered  in 
!Forfarshire  by  the  late  Dr.  Fleming,  were  the  only  known 
vestiges  of  this  class  of  vertebrated  animals.  In  the  British 
aeries'  there  are  upwards  of  ninety  species,  belonging  to 
about  thirty-five  genera.     Of  these,  the  most  characteristic 


are  the  CepkaUupit,  Pferiehthi/i,  and  Coeeoiteas,  which  fonn 
a  group  of  extinct  genera,  that  have  only  a  few  representa- 
tivea  in  the  uppermost  portion  of  the  Silurian  formation  be- 
low,  and  none  in  the  Carboniferous  racks  above;  nor,  except 
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by  dietfmt  and  faint  analogiee  with  existing  &shea,  eaa  these 
remfu-kable  orguuBmB  be  brought  within  the  pale  of  zoologi' 
oal  arrflngement.  These  ichthyolitea  agree  in  one  general 
character,  that  of  having  relatively  enormous  osseous  plates 
or  escutcheons  covering  the  head  and  anterior  portion  of  the 
body. 

OephalatpU.* — In  the  extraordinary  genua  of  fishes,  named 
Cephalatpit  {Sead-buckler)  by  M.  Agassiz,  the  head  is 
covered  by  a  broad  and  thin  buckler  or  shield  of  bone.t 
The  scales  of  the  tail  formed  elevated  bands,  and  the  rays  of 
the  fins  were  covered  by  the  merobraDe  which  elsewhere  sur- 
rounded them.  From  the  large  size  of  the  plate  forming 
the  cover  of  the  head,  its  lamellar  structure,  and  crescent- 
like  form,  terminating  backwards  in  two  horns  or  points, 
detached  specimens  were  formerly  supposed  to  belong  to  tri- 
lohites  or  some  other  crustaceans.  The  body  is  covered  with 
■coles,  aud  the  shield  is  sometimes  ornamented  with  radiated 


markings,  as    in    Cephalatpit  omatut  and  0.  vemteo»m.X 

Numerous  remains  of  these  fishes  have  been  found  in  the 

Sevonian  strata  of  Herefordshire,  Scotland,  and  Bussia.  Mr. 

•  Medals  p.  610,         f  Huxley ;  Geol.  Proceed.  January  6th,  1658. 

I  Qaart.  Joum.  Deal.  Soc,  vol.  xiv.  p.  48. 
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Miller  atates,  that  in  Scotland  tbey  are  principally  restricted 
to  the  group  of  comstone  and  marls.  Some  species  occur 
also  in  the  uppermost  Silurian  strata. 

f/«mA<Ajr«.*-r-The  fishes  of  this  genus  are  distingukhed 
by  two  wing-lik«  lateral  appendages,  which,  like  the  spines 
of  the  common  Bull-head  {Chttut  gobio),  were  weapons  of 
defence.  The  head  and  anterior  part  of  the  body  are  covered 
with  large  angular  tuberculated  scutcheons.  There  are  two 
eyes,  which  are  placed  in  &ont  of  the  lateral  spines.  Tea 
species  occur  in  the  British  strata;  mostly  not  exceeding 
eight  or  ten  inches  in  length. 

Ooeeotlew.'f — In  form,  and  in  the  arrangement  of  the 
bony  ecuteheons,  the  fishee  of  this  genus  have  a  resemblance 
to  the  Pterichthya.  The  plates  are  tuberculated;  the  tail  is 
very  long,  covered  with  scales,  and  supports  a  fin.  There 
are  four  or  five  species,  varying  in  length  from  a  few  inchee 
to  two  feet.  Their  remains  are  the  most  abundant  of  the 
ichthyolites  of  the  Old  Eed  rocks.  Patches  of  detached 
scales  and  separate  osseous  platw  are  very  frequent  in  the 
sandy  comBtones  and  suberystalline  Umestones.  They  are 
usually  of  a  brilliant  blue  or  purple  colour,  which,  strong- 
ly contrasting  with  the  dull  red  tint  of  the  surrounding 
rock,  renders  them  easy  to  be  detected.  This  colour  is  sup- 
posed to  be  due  to  the  presence  of  phosphate  of  iron.}  In 
none  of  these  fishes  have  any  traces  of  vertebra  been  dis- 
covered ;  it  is  therefore  probable  that  the  spinal  column  was 
cartilaginous,  as  in  the  Sturgeon. 

Hohptychitt*. — My  limits  will  only  admit  of  a  rapid  no- 
tice of  a  few  other  Devonian  ichthyolites.  Among  these, 
several  species  of  the  la^e  ganoid  fishes,  named  Holoptg- 
ehiiu,%  from  the  peculiar  character  of  the  scalea,  are  most 

*  Wing-fitA.     MeddgafCreatioD,  p.  613.    Miller's  "Old  Red  Sand- 

f  Birrt/-iaud :  from  the  plates  being  studded  over  with  small  tubsi- 
dea.  Medals  of  Creation,  p.  614 ;  Miller,  op.  cit. :  and  "  Siluria,"  p. 
252.  t  "  Silnrian  Syal*™,"  p.  588. 

f  Sotid-miiMtd.    A  ipleodid  (pecimen  oF  S.  noHlittimui,  IweDty- 
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Btrikingly  conapicuous.  This  genua  we  have  alreadj  noticed 
in  the  account  of  the  carboniferous  ichthjoHtea  (p.  770). 

Xfendro^it. — This  fish  is  allied  to  the  Holoptychius,  but 
the  structure  of  the  teetb,  scales,  and  occipital  plates  ia  pe- 
culiar. The  teeth  are  of  a  conical  form,  slightly  curved, 
solid  throughout,  and  finely  striated  longitudinally;  and 
the  calcigerouB  tubes  are  so  disposed  as  to  produce  a  den- 
dritical  or  arboreacent  appearance  in  traneveree  sectiona ;  a 
character  which  is  expressed  by  the  name  Dendrodus,*  given 
to  the  fish  by  Prof.  Owen. 

Diptervi  and  Biplopterut  are  two  nearly  related  genera 
of  ganoid  fiahea,  so  named  &om  their  possessing  two  dorsal 
fins,  which  are  placed  opposite  the  anal  and  ventral  fins. 
These  fiahea,  together  with  the  0¥teol^U,'\  another  common 
Devonian  genua,  have  bony  scales  plated  with  enamel  and 
finely  punctated ;  and  their  jaws  consisted  of  enamel  without 
and  bone  within,  and  were  beset  with  aharp-pointed  teeth. 

Qlyptol^it,  CkeirolcpU,  and  Cketraeanthut  %  are  other  cha- 
racteristic fiahea  of  thia  aeries  of  deposits.  Of  the  placoid 
fishes  (p.  362),  apeciea  of  the  genera  Onehug  and  Otena- 
eanihu*  have  been  discovered ;  but  the  placoideana  are  but 
feebly  represented  in  the  Devonian  epoch,  while  the  ganoid 
group  is  largely  developed. 

Septilet. — The  most  ancient  reptilian  ichnolitea  or  foot- 
prints ore  those  discovered  by  Capt.  Brickenden,§  in  the 
Old  Bed  Sandstone  of  Cummingston,  near  Elgin,  which  re- 
semble the  track  of  a  Chelonian  reptile.    But  stiU  more  in- 

elghl  incliBB  long,  la  figured  in  "  SQurisn  SjBtem,"  pi.  2,  and  is  now  in 
Ihe  Bcitisli  Museum  ;  "  Pelrif."  p.  434. 

•   Tm-lootA,     Medals  of  Creadon,  p.  618,  and  PI.  VI.  fig.  8. 

t  Bmy-ieate.  Miller's  "  Old  Red  Sandstone,"  p.  80;  and  "  Pool- 
printa  of  the  Cieatot,"  p.  30. 

1  Oonwd-icafe,  Himd-teaie,  and  Hand-Oiont.  Consult  Hugh  Miller's 
works  above  qual«d ;  Agaasiz'a  beautiful  Uonogiaph  on  the  Fishes  of 
the  Old  Red  Sandstone ;  and  Murchison's  "  Silurian  Sj^tem." 

j  Quart  Jonin.  Geol.  8oc.  vol.  viii.  p.  97. 
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terestiiig  endeoce  of  the  «xisteDce  of  oviparouB  quadrupeds 
in  the  Dotohuui  period  has  beea  afforded  by  Mr.  Duff's  dis- 


covery of  the  skeleton  ctf  a  Bmall  reptile  in  the  same  Band- 
stone,  ne&r  Elgin,  that  has  yielded  the  footpriats.  This  is 
the  Telerfeton  Mginente  (Mantell),*  a  lacertian  reptile  with 
batracbiaa  modifieations.  Lign.  186  exhibits,  in  outline, 
the  probably  newt-like  shape  of  tbie  interesting  pal»oioic 
reptile,  at  half  the  natural  sise. 

10.  T&£  Silubiah  Aim  Cajubuit  Books. — By  reierence 
to  the  synoptical  arruigement  of  the  formations  (p.  206), 
it  will  be  seen,  that  the  great  interval  between  the  hypogene 
rocks  (gneiea  uid  mica-schist),  and  the  Devonian  series,  aa 
above  described,  is  occupied  by  an  immense  thickness  of 


*  Qnait.  Joam,  Qeol.  9oc.To1.  viii.  p.  lOOi  uid"Hedii1iof  Crea^Da," 
vol,  u.  p.  720.  This  apecimen  wm  describfld,  vuidec  tlie  mimo  of  L^ilo- 
pfeunm  facwtmam,  by  Pror.  OiTen,  in  the  "  Literary  G«ietw,"  contampo- 
rftoeously  willi  Di.  MuilsU't  commmiicatunk  <«i  Ihe  (Qtyect  lo  the  Gw>- 
logical  Society. 
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ilate-rocks,  limestoneB,  BandstoDes,  and  argillaceoufi  strata. 
The«e  depoeita  were  formerly  grouped  with  aome  of  the  De- 
Tonian  rocks,  under  the  name  of  Tranntion-roekt ;  a  desig- 
natioQ  applied  by  the  celebrated  'Werner  upon  the  supposi- 
tion that  they  were  formed  when  the  world  was  in  a  state  of 
tnuuition  from  a  chaotic  to  a  habitable  condition :  they 
were  also  termed  OrauwiacM*  from  the  hardened  gritty 
character  of  many  of  the  strata,  but  the  whole  series  is  now 
divided  into  two  natural  groups.  The  uppermost  has  been 
designated  the  TJpfxb  SiLUBiAJi,t  by  Sir  B.  I.  Murchison, 
whoae  indefatigable  researches  have  determined  the  true 
position,  relation,  and  character  of  these  deposits  ;  the  lower 
group  being  his  Lowek  Sildbiak  and  Bottom  Books  : 
whilst,  by  the  Ber.  Professor  Sedgwick,  whose  successful 
labours  in  this  difficult  field  of  geological  investigation  have 
rendered  clear  and  intelligible  many  phenomena  which  were 
previoualy  involved  in  doubt  and  obscurity,  the  upper  group 
is  tenned  Silublajt,  and  the  lower  one  CAUBBUif.f 

We  lure  here  the  incoDvenience  of  a  double  sel  of  terms,  vbich  be- 
came ■ttacbed  to  tbeae  imporluit  gionpB  of  lover  palieozoic  rocka  in  this 
wise.  When  Sir  R.  MnitJiiaoii  was  redudiig  to  ordet  and  cUasifyuig  bia 
"Silurian"  rocki  j  of  Shropahiie,  wbicb  veie  found  to  repose  on  the 

*  From  tbe  GenoMi  grau,  pvy,  uid  viaekd,  n  name  employed  bj  the 
German  miner*  to  denote  some  hardened  grits  and  basaltic  rocks. 

t  Silvrian — a  term  deriTed  from  Silura,  the  ancient  Briton*  who  in- 
habited those  parU  of  our  Island  where  these  strata  are  most  distincllj 
dereloped. 

}  Cnnibrun — from  the  old  name  of  Wales.  In  tbe  Map,  p.  474,  the 
Silurian  and  Cambrian  rocks  are  denoted  by  the  some  number  (8)  and 
colour. 

}  See  the  classic  work,  "  The  Silurian  System,  founded  on  Geological 
Researches  in  (be  Counties  of  Salop,  Hereford,  Radnor,  Montgomery, 
Caermarthen,  Brecon,  Pembroke,  Moamoutil,  Gloucester,  Warceater,  and 
Stafford ;  with  Descriptions  of  theCoel-fields  and  overlying  Formations;" 
by  Roderick  Impey  Horcbisoti,  F.  R.  S.,  Ac,  4Ui,  with  a  Hap  and  nu- 
merous Illustrations.  Losdon,  1S39.  The  publication  of  this  splendid 
work  formed  an  era  in  British  geology ;  it  is  a  noble  monument  of  pa- 
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nufbiulifBronB  grejw&cke  of  the  Loo^^nd,  Prof.  Sedgwick  vsa  elnci- 
dating  ihe  contorted,  dislocated,  and  slaty  rock-manea  of  Noitb  Wales,* 
vhiuh  he  termed  "  CambiioD,"  and  vhich  were  then  beliered  to  be  older 
thuany  of  Ihe  "Silurian"  strata.  The  North  Welsh  foBailg,  haweTer, 
were  not  described  ;  nor  were  the  exact  lelations  of  the  strata  of  the  two 
districts  mode  onL  Sobaequently,  on  the  one  hand,  it  vas  determined, 
chiefly  by  the  laboors  of  the  Geological  Surrey,  that  the  foseiliferous  strata 
of  Cambria,  or  North  and  South  Wales,  are  replications,  eipaaaions,  and 
curtatiuee  of  the  Stuopahire  or  Siluria:i  strata  (the  Cambrian  eqaivB- 
leDls  being,  howeTer,  for  the  most  part,  in  a  much  more  crystalline  con- 
dition, and  much  more  intersected  and  intercalated  with  igneous  rocks) ; 
the  fosailiferous  schists  both  of  Cambria  and  Silaria  equally  reposing  on 
onfossiliferoua  greyiracke — that  of  the  Longmynd  on  the  eaat,  and  that 
of  Acgleaea,  Harlech,  and  St.  David's,  oa  the  west.  To  these  latter  or 
"  Bottom  Rocks  "  the  Geological  Surveyars  thought  St  to  limit  the  term 
"Cambrian;"  applying  the  names  "  Lower  and  Upper  Silurian"  to  the 
great  OTerlyingfossiliferous  groups.  This  nomenclaturo  became  generally 
adopted  in  Europe  and  Amenca,  as  the  equivalent  formations  were  de- 
lACled  and  classified.  At  a  later  period  Prof.  Sedgwick  and  Prof. 
U'Cojr,  havii^  diligently  worked  out  the  fossils  of  North  Wales,  and 
leSzamined  much  of  the  ground,  endeaTouied  to  define  the  exact  limit 
of  the  lower  and  upper  portions  of  the  series,  retaining  for  the  former 
Prof  Sedgwick's  early  term  "  Cambrian,"  and  applying  that  of  "  Sila- 
rian"  to  the  upper  group  only.  The  Geological  Surveyors  also,  about  tlie 
same  time,  careftilly  directed  their  attention  to  the  same  points  of  research, 
corroborating  and  extending  the  known  facts,  but  without  essentially  al- 
tering the  received  nomenclature, 

la  ISM,  Sir  R.  Muichison  published  a  comprehensive  and  popular 
review  of  the  Paleozoic  Rocks  and  Fossils,  m  Ms  valuable  and  widely 

tient,  laborious,  and  sncceesfol  scientific  research,  porsued  through  a  long 
series  of  years,  regardless  of  toil,  time,  or  expense.  The  results  of  the 
labooisof  it*  bi^y  gifted  author  were  alike  novel  and  important:  rocks. 
which,  under  the  name*  of  transitiim  and  greywocke,  were  previously 
considered  without  the  pole  of  scientific  arrangement,  were  for  the  first 
time  reduced  to  a  regular  system,  and  theii  zoological  characters  as  well 
defined  as  those  which  mark  the  newer  secondary  Ibrmations.  This  is 
truly  a  national  work  i  (be  description  of  the  British  coal-fields  is  as  im- 
portant in  an  economical  as  in  a  scientific  point  of  view. 

*  See  Ihe  several  valuable  Memoirs  by  Prof.  Sedgwick,  in  the  public- 
ations of  the  Geological  Society,  on  the  PaUeoioic  Books  of  Wales  and 
the  North  of  England. 
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I  1«,  THE  SILTTBIAIT  AITD  CAUBRIAN  K0CE3. 

cicciiUted  "  Siluria,"  adopting  the  required  modiRcationa  a 
in  the  account  of  fossils  and  rocks  («lth  careful  rerision  of  tlie  map), 
BDd  stilting  at  large  his  liewa  of  the  clafisification  and  nomenclature  uf 
the  Silurian  and  Cambrian  strata. 

I^aMly,  Prof.  Sedgwicli,  in  1855,  explained,  in  the  magnificent  work  by 
himself  and  Prof.  M'Coy,  entitled  "A  Synopsis  of  the  Classification  of 
the  British  Palieozoic  Rocka;  with  a  Systematic  Description  of  tlie 
Britisli  PalECOZoic  Foeeils  in  the  Geological  Museum  ofthe  University  of 
Cambridge  "  (4to,  Cambridge,  with  nuraeroua  plates),  the  grounda  on 
-which  he  applied  tlie  term  "  Cambrian  "  to  the  lower  and  larger  portion 
of  the  series  In  quesCLon,  and  hia  reasons  for  regarding  this  group  "(the 
Lower  Silurian  and  Bottom  Rocks,  of  Murchison)  as  being  distinctly 
different  in  physical  and  loolagical  chaiaclera  from  the  orerlying  group 
(the  Upper  Silurian,  of  Murchison). 

Guided  by  the  light  thus  thrown,  during  several  years,  on  these  Lower 
Paleeoioic  rocks  and  fossils  by  Sedgwick,  Murchison,  De  la  Beche,  Phil- 
lips, Sharps,  M'Coy,  Salter,  Forbes.  Ramsay,  Jukes,  Aveline,  Solwyn, 
and  many  other  good  observera.  geologisla  hare,  with  but  few  eiceptiona, 
adopted  MuiEhison's  general  classification  of  the  Lower  Palieoioic 
strata  of  Great  BriUin'.*  (See  Table,  p.  801,  802,  in  which  the  greater 
and  leaser  groups  of  strata  are  carefully  indicated,  and  the  chief  of  their 
characteristic  fossils  enumerated.) 

In  this  elementary  work,  aroiding  all  technical  argumentation,  the 
latest  classification  of  these  ancient  aad  most  interesting  rocks  is  placed 
before. the  reader  in  the  accompanying  Table,  which  shows  both  plans  of 
nomenclature  before  alluded  to. 

The  Editor  gratefully  acknowledges  Sir  Roderick  Hnrchiaon'a  kin 
nees,  in  allowing  him  free  access  to  the  proof-sheets  of  the  2nd  edition 
of  "Siluria."  now  in  the  preto,  and  thereby  enabling  him  to  make  the 
classificadon  more  complete  than  it  could  otherwise  have  possibly  been, 
even  with  the  aid  of  the  papers  and  memoirs  published  since  the  lat 
edition  dt  "  Siluria."  The  especial  points  of  novelty  are — the  better  un- 
derstanding of  the  Uppermost  Ludlow  Rocks  (Tilestones)  and  their 
fossils, — the  clearer  determination  of  the  Middle  Silurian  Strata, — the 
identification  of  the  Bala  and  the  Caradoc  Rocks, — the  improved  lists  of 

•  The  reader  is  referred  to  the  highly  important  works  above  men- 
tioned, and  to  nnmerous  memoirs  and  papers  in  ^e  Proceedings  and 
Jonmal  of  the  Geological  Society,  for  the  particulars  of  the  progress  of 
research  in  the  Silurian  and  Cambrian  rocks,  and  for  the  arguments  used 
with  respect  to  the  adoption  of  the  two  several  plant  of  aamenclalur« 
See  also  tha  Philonphical  Hagaiine  for  18S4. 
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fbluli,— and  ptrliouiu'ly  tlie  recent  ditcoreiy  of  the  primaiy  a^  of  the 
M  of  Sulherluid  and  Ross. 


The  Thole  of  these  Btntta  are  of  marine  origin ;  and  the 
limestones  and  shaleB  often  swarm  with  trilobitea,  crinoids, 
contls,  bmchiopods,  and  other  foesilB,  with  which  our  late 
investigations  have  made  us  familiar.  The  subdivisiona  in- 
troduced are  locally  important ;  but  a  general  analogy  pre- 
vails in  the  organic  remaiiiH  throughout  the  entire  syBtem, 
and  there  does  not  appear  to  be  any  essential  variation  in 
the  forms  or  conditions  of  organic  life,  as  deducible  from  tiie 
fossils,  &om  the  commencement  to  the  termination  of  the 
series ;  and,  though  each  principal  dirision  may  be  distin- 
guished by  its  peculiar  fossils,  yet  the  TTpper  and  Lower  Si- 
lurian(orCambrian)rocks  are  bound  togetherbymanyspeciee 
common  to  both,  and  form  but  one  great  natural  system. 

The  tTppoF  Silurian  is  estimated  to  have  a  thickness  of 
about  5000  feet;  the  Middle,  2O0O  feet;  the  Caradoc  and 
Llandeilo  groups,  together,  attain  nearly  19,000  feet ;  and 
the  Longmynd  rocks,  upwards  of  25,000  feet.  This  is  in 
strong  contrast  to  the  slight  vertical  development  of  the  Si- 
lurian rocks  of  Norway,  where  the  whole  aeries,  complete  in 
all  its  members,  attains  uo  more  thiai  2000  feet  thickness.* 

11.    SuOBtAIf    AKD    CAMBBIA.N   BOCES   OF  THE  BbITISH 

Isles. — Both  the  lithological  and  the  zoological  characters 
of  this  great  series,  and  even  of  its  principal  subdivisions, 
are  found  to  prevail  not  only  in  England,  over  the  continent 
of  Europe,  and  beyond  the  Ural  to  the  Himalayas,  hut  also 
in  North  America,  where  the  Silurian  and  Cambrian  rocks 
are  largely  developed,  forming  great  tracts  in  the  United 
States,  Canada,  and  the  Arctic  Hegions. 

In  Cornwall,  Lower  Silurian  or  Cambrian  rocks  appear  in 
two  of  the  southern  headlands,  emerging  &om  beneath  the 
predominant  strata  of  the  district,  the  Devonian,  and  con- 
tainiug  characteristic  fossils.t    But  the  chief  development 

•  Quart.  Jquto.  Geol.  Soc.  vol.  xiv.  p.  43,  +  Ibid.  vol.  viii.  p.  2. 
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of  tlie  series  in  Britain  is  in  the  Border-counties  and 
Wales* 

In  Cumberland  and  Westmoreland,  the  Lower  Falceozoio 
rocks  are  also  extensively  exposed,  presenting  an  enormous  Bg> 

gregate  thickness, — upwards  of  20,000  feet.  These  old  Cmr^ 
brian  strata  have  been  specially  studied  by  Frof.  Sedgwick.t 
■  The  Lake-district,  eo  well  known  to  the  tourist,  may  be 
described  as  a  circular  cluster  (or  matnf)  of  moustains,  the 
central  portiou  consisting  of  serrated  peaks  of  schistose  rocks, 
thrown  into  their  present  position  by  granite  and  other  ig- 
neous masses  which  constitute  the  true  geological  centres  of 
the  mountain-groups.  The  outskirts  of  this  region  are 
chiefly  formed  by  Carboniferous  deposits  ;  a  zone  of  Moun- 
tain-limestone appearing  on  the  east,  north,  and  south  ;  and 
the  western  side  is  bounded  by  the  Irish  Sea. 

Within  the  calcareous  zone,  are  several  extensive  masses 
of  granite,  syenite,  and  porphyry,  but  the  greater  part  of 
the  region  is  occupied  by  stratified  deposits  of  a  slaty  tex- 
ture, which,  according  to  Prof.  Sedgwick,  may  be  subdivided 
into  the  four  following  formations,  commencing  with  the 
uppermost : — 1.  Greywacke-slate,  often  more  or  less  calca- 

■  The  aindent  most  necesuiily  coniult  the  maps  and  Bections  pub- 
lished by  ihe  Geological  Sutve; ;  and  it  will  be  of  advantage  to  have  at 
hEuid  Knipe's  Geological  Map  of  the  British  Ulea,  which  piesenta  a  coup 
d'aU  of  the  geographical  diatributioc  of  these  formationa  over  the  BriCiali 
Islands.  Their  eitenaion  over  Europe  into  Western  Aiia  may  be  studied 
ill  MuTchisDD  and  Nicol'a  Geological  Map  of  Europe  (K.  Johnaloo). 
Hall's  Geological  Map  of  the  United  States,  that  by  Prof.  K.  Rogers,  in 
K.  Johnston's"  Physical  Alias,"  and  Sir  W.  Logan"*  Geological  Maps 
of  Canada,  in  Quart.  Joum.  Geol.  Soc.  vol.  tiii.  pi.  6,  and  in  hia  "  Ea- 
quiase  G^ologique  dn  Canada,"  IB5&,  with  Isbister's  Geological  Sketch- 
Map  of  the  Arctic  Regions,  Geol.  Soc.  Joum.  lol.  li.  pi.  14,  and  that 
constructed  by  Haughlon  and  Maccliatock,  Joum.  Roy.  Dublin  Soe, 
Pebmary,  18^7,  illustnte  the  Palsozoic  depcaita  of  NoTih  America, 

t  His  Memoir,  in  Ibe  Geol.  Soc.  Joum.  vol.  viii.  p.  35,  contains  some 
of  hie  Ulest  tesescches  in  these  rocks,  wilb  illnstiatire  sections  and 
ftiU  Tefereocea  lo  former  Memoirs.  See  also  ibid.  pp.  136—143 ;  and 
Geol.  Trans.  2nd  ser.  vol.  ir.  p.  Vt,  Ac 
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reouB,  and  having  Bubordinate  bede  paesmg  into  impure  lime- 
Btone,  full  of  organic  remaioB.  2.  Green  quartzose  roofing- 
alate,  associated,  in  every  variety  of  complication,  with  fel- 
apathic  rocks  of  porpbyritic  atnicture.  3.  Black  glossy  clay- 
elate,  sometimes  passing  into  greywacke.  4.  Various  crys- 
talline slates,  resting  Immediately  on  the  granite  of  Skiddaw 
Forest,  and  forming  the  base  of  the  whole  stratified  series. 

These  rocka  have  also  been  classiiied  by  the  same  eminent 
geologist  according  to  the  following  local  groups : — 1.  Flags 
and  grits  of  Kirkby  Moor ;  2.  Slate  and  grit-stone ;  3.  Ire- 
leth  slatet) ;  4.  Coniston  grit,  flagstone,  and  limestone ; 
5.  Slates  and  porphyry  ;  6.  Skiddaw  slates.  Nos.  1, 2,  and  3 
are  the  equivalents  of  the  Ludlow  aud  Wenlock  groupo ; 
the  others  represent  the  great  lower  groups  of  Caradoc, 
Llandeilo,  &c. 

In  South  Scotland  the  Silurian  rocks  and  fossils*  have  been 
worked  out  by  Sedgwick,  Murebison,  J.  Nicol,  J.  C.  Moore, 
Harkness,  M'Coy,  Salter,  and  others;  especially  in  Ayrshire, 
"Wigtonshire,  Dumfries,  and  other  neighbouring  districts. 

In  the  North-west  of  Scotland  the  late  researches  of  Mr, 
Peach  and  others  have  enabled  Sir  Eoderick  Murchison  to 
coordinate  the  old  quartzites,  schists,  silicious  limestones 
and  sandstones  of  Diiraess  and  Loch  Eribol  with  the  Lower 
Silurian  rocks  of  Wales ;  and  to  refer  the  great  conglom- 
erates of  Western  Sutherlandahire  and  Ross  to  the  Long- 
mynd  or  Bnttom  Hocks  ;  correcting  the  long-held  notion  of 
their  being  of  the  same  series  as  the  Old  Bed  conglomerates 
of  Caithness  and  the  Eastern  coast.  These  primteval  depo- 
sits rise  on  the  northern  shores  of  Lochness  in  an  immense 
r&asa  of  conglomerate,  based  on  a  small-grained  red  granite, 
to  a  height  of  three  thousand  feet  above  the  sea-level ; 
and  on  the  north-western  coast  of  Koss-shire,  form  three 
immense  insulated  hilla    (^Suil-veinn,  Coul-beg,   and    CotU- 

•  See  Proceed.  Geol.  Sac.  vol.  iii.  pp.  277  uid  553 ;  Qnart.  Geol. 
Joom.  »ol.  iv.  p.  195;  vol.  vi,  pp.  53  and  206;  toI.  vii.  pp.  16  and 
137;  vol.  xiLpp.  15  and  238;  also  "  Siliiria,"  p.  149,  &c 
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tnore  *),  of  as  great  an  altitude,  that  rest  unconformablj  ona 
baae  of  gneies.f     (See  "Siluria,"  2a.A  edit.  p.  195,  Ac.) 

Silurian  rocks  occupy  large  areas  ia  Ireland,J  and  have 
been  described  by  Weaver,  Grif&th,  Portlock,  and  others. 
The  complete  view,  howeyer,  given,  of  these  strata  in  Mur- 
chisoo'a  "  Siluria  "  must  be  referred  to  by  the  student.  The 
coast  of  Ireland  opposite  to  that  of  Wales  and  Cumberland 
is  formed  of  Silurian  and  Cambrian  strata,  which  spread 
also  over  Wexford  and  part  of  Waterford  and  Wicklow  ;  an. 
enoriaous  intrusion  of  igneous  roeka  rising  up  in  Carlow, 
and  reaching  to  the  shore  of  Dubliu  Bay,  at  Kingstown. 
From  Drogheda  Bay  to  Belfast  Lough  simOor  deposits  ap- 
pear, coTering  a  great  portion  of  Armagh,  Monaghan,  and 
Louth  ;  the  whole  sinking  westward  beneath  the  vast  region 
of  Carboniferous  deposits  which  occupy  more  than  one-half 
the  entire  area  of  Ireland. 

12.  The  Lonomthd  ok  Bottom  eocks. — In  Shropshire 
there  is  a  group  of  old  stratified  rocks,  unconformable  to  the 
overlying  strata  of  the  Llaudeilo  group,  having  evidently 
been  thrown  into  highly  inclined  positions  hefore  the  de- 
position of  the  latter.  These  rocks  form  the  Longmynd  and 
contiguous  ranges  of  hills,  comprising  Batlinghope,  Linley, 
Pontesford,  Ac.,  and  vary  in  height  from  1000  to  1600  feet. 
The  strata  cons^t  of  hard  sandstone,  grit,  and  schist,  raised 
up  in  mural  masses,  the  beds  being  either  vertical,  or  in  very 
highly  inclined  positions. § 

On  the  western  flank  of  the  Longmynd  the  schists  dip 
conformably  under  the  Lowest  Silurian  of  the  Sttper  Stones, 

*  See  abeinliful  sketch  of  IhcBS  MonnUins,  in  "  Silutia."  These  in- 
suUt  Tock]'  mannUins  are  cited  by  Miccultoch  ("Western  Isles,"  toI.  iL 
p.  90)  (Dd  by  Lyell  ("  Manaal  of  Geology."  p.  67)  as  inslrnctive  ei- 
Hmples  of  the  Tut  unount  of  denudation  which  has  taken  place  in  many 


t  Hugh  Mit1er->  "  Old  Ked  Sandslone."  IB41.  p.  23. 

J  See  Griffith's  Geological  Map  of  Ireland 
^  "  Silurian  System,"  chap.  xu.  "  Siluria ;  "  and  Quart.  Joiiri 
Soc.  YOl  liii.  p.  2U0. 
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as  repreiented  by  Sir  B.  MurcIuBoa  ("Sil.  Syst."  pi.  32)  ; 
but  on  the  south  and  east  they  are  uncooformablj  orerlaid 
by  the  Upper  Llandovery  beds  imd  the  Wenlock  ehale. 

According  to  the  obBerrationi  of  the  Qovemment  Geologi- 
cal Surveyors,  the  greywacke  of  the  Longmynd  is  from 
80,000  to  40,000  feet  thick;  and,  though  compelled  of 
nearly  unaltered  *  beds  of  sediment,  it  has  yielded  but  very 
few  tracea  of  organic  remains.  These  few  valuable  relics 
have  been  discovered  in  the  upper  portion  of  the  Longmynd 
rocks  by  the  acutenesa  and  pereevering  enet^  of  Mr.  J. 
"W.  Salter,t  F.  Q.  S.,  Palwontologist  of  the  Geological  Survey ; 
and  consist  of  two  portions  of  a  Trilobite,  numerous  Anne- 
lide-burrows  and  Worm-tracks,  Wave-marks,  the  casta  of 
Sun-cracks,  and  even  of  Bain-prints ;  distinctly  recording 
the  daily  working  of  wave,  wind,  and  cloud,  oud  the  existence 
of  some,  at  least,  of  the  inhabitants  of  a  shore-margined  sea 
in  incalculably  ancient  periods,  long  anteiior  to  the  immea- 
surable ages  the  history  of  which  we  have  but  faintly  sketch- 
ed in  the  foregoing  chapters  of  this  hook. 

Ancient  deposits  equivalent  to  the  Longmynd,  Loaett 
Cambrian,  or  Bottom  Bockt,  have  been  recognised  at  St. 
David's  in  South  Wales,  between  Barmouth  and  Harlech, 
and  around  Llanberris  and  Bangor  in  North  Wales;  but 
aanelide-marks,{  discovered  in  the  Bangor  schists  by  Mr. 
Salter,  are  the  only  evidences  of  organic  life  as  yet  noticed- 

•  The  slaty  rooki  of  Wales,  in  which  fossils  often  abound,  are  fcr  more 
altered  than  tbeie  sEraU  of  the  Longmj'nd,  which  are  only  in  put  highly 
mineralized,  and  chiefly  where  they  have  been  intruded  npon  by  trap. 
rocks,  and  impregnated  with  copper-ieina,  bitumen,  and  other  minerala. 
—SU.  Sytt.  p.  261.   ' 

t  See  Mr.  Salter's  deacriptiona  and  flpiree  of  Uieae  primnval  Testigea, 
in  the  Joucn.  Geol.  Sao.  vol.  xii.  p.  146  ;  and  Md.  toI.  liii.  p.  199, 

{  Theie  coniiit  of  worm-Cubes  crossing  each  other,  and  so  giving 
rise  to  ■  fiicoidal  markiag,  which  was  described  by  Mr,  Salter  (Geol. 
Soc.  Jaom,  vol.  zii.  p.  246)  aa  being  probably  a  C'hondrUet,  but  hoe  siace 
been  proved  by  this  sccamplished  geologist  to  be  formed  of  worm-tracka, 
IS  indeed  (Mr.  Salter  thinks)  all,  or  nearly  all,  the  so-cailed  fucoids  of 
tl;e  palteotoic  rocks  may  tum  out  to  be. 
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In  Ireland,  the  grauwacke  of  Bray  Head  U  of  the  aame 
age,  and  yields  aonelide-burrowH  aad  the  enigmatical  fossil 
known  as  Otdkamia,*  of  which  tvo  species  have  been 
found. 

The  discovery  that  the  great  conglomerates  resting  on 
the  gneiss  of  the  North-west  Highlands  belong  to  the  Loog- 
mynd  age,  already  alluded  to  (p.  806),  enlu'ges  our  know- 
ledge of  the  complete  succession  of  the  Lowest  Falsozoic 
rocks,  and  brings  the  British  series  into  close  accordance 
with  that  of  Scandinavia  on  the  one  hand,  and  that  of  Canada 
on  the  other. 

The  discovery,  however,  of  organic  fossils  in  some  of  these 
Bottom-rocks  destroys  the  propriety  of  the  term  "Aioic"  f 
that  has  been  so  long  applied  to  them ;  and  (like  the  unex- 
pected appearance  of  mammalian  teeth  in  the  Tiiasaic  booe- 
bed  of  Stuttgart,  of  DromatheHata  in  the  Chatham  strata  of 
the  United  States,  of  Dendrerpeton  and  Fupa  in  the  coal  of 
Nova  Scotia,  and  of  Telerpeton  in  the  Old  Bed  Sandstone) 
-warns  us  to  be  cautious  in  accepting  negative  evidence  in 
support  of  geological  hypotheses-f 

13.      SllUBIAS     BTBATi     OF      SlAfFOBDSHIBE. — AmODg 

the  British  Silurian  districts,  the  country  around  Dudley, 
Walsall,  and  other  parts  of  Stafibrdshire  demands  especial 
notit'c  fiwm  the  interesting  circuin  stances  under  which  these 
palaeozoic  rocka  occur ;  being  iBolai«d,  as  it  were,  from  the 
great  regions  of  the  formation,  and  thrown  up  amidst  the 
newer  deposits,  like  islands  in  the  Triassic  and  Carbonifer- 
ous areas :  and  the  facility  of  access  to  these  localities,  by 
the  railroads  from  the  metropolis,  renders  them  peculiarly 
valuable  to  the  geological  student. 

■  Forbei,  Jonm.  Geol.  Soc.  Dublin,  toI.  It.  p.  20.  Whether  ihig 
fonil  lopresenta  s  BrjroiQftn,  %  Zoophyte,  or  a.  sea-veed,  i«  u  yot  ondclor- 

t  "  Without  life." 

I  See  Lyell'i  "  Manual  of  Oeology,"  5th  edit.  p.  462. 
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At  ihe  disUace  of  about  120  milM  Irom  London,  an  iusubled  mau  of 
gilomn  locki  is  protruded  through  Ihs  once-overlying  Carbonilerons  and 
Tiiauic  strata  at  Walsall,  and  fDrms  a  ridge  of  bills  on  the  eastetn  bot- 
dera  of  the  great  SlatTordahiie  coal-field ;  while  near  Dudley,  a  few  miles 
to  the  south-west,  aoolher  rsrge  of  Silurian  hills,  produced  by  a  similar 
upheaval,  appears  iu  the  ciidat  of  the  same  Carhoniferoua  basin;  and 
near  these  hUls  is  a  mass  ot  volcanic  rocks,  called  Rowluy  Hill.» 

The  town  of  Dudley  is  situated  partly  on  the  coal-field,  and  partly  on 
the  group  of  SilurUd  rocks  which  canslitutea  a  prominent  feature  in  the 
physical  characters  of  the  landscape.  These  Silurian  deposits  rise  into  nu 
elevated  chain  of  hills,  which  eitends  four  or  fiye  miles  diagonally  across 
Ihe  coal-basiu,  iu  a  line  from  Dudley  to  Wolrerhamplon ;  the  latter 
town  standing  on  Triaesic  strata  near  the  western  margin  of  t^e  coal- 
field-t  The  aspect  of  the  surface  of  tho  country  denotes  the  nature  of 
the  sub-soil,  for  the  Trisasic  districla  are  generally  covered  itith  verdure ; 
while  those  of  the  cool,  from  the  extensive  mining  operations  every- 
where in  progress,  present  for  the  moat  part  a  character  of  sterility  and 
desolation. 

In  (be  Dudley  Silurian  range,  three  hills  are  strikingly  conspicuous, 
namely  Sedgley,  which  is  composed  of  the  Upper  Ludlow  rock  and 
Aymestry  liiueslone, — and  the  Wren's  Nest  and  the  Castle  Hill,  consist- 
ing of  Wenlock  shale  and  limestone  ;  these  hills,  with  their  conneclitig 
valleys,  form  a  verdant  tract  in  the  midst  of  the  surrounding  coal-measures. 

The  most  remarkable  emmence  of  this  group  is  that  called  the  Wrm'i 
Neit,  which  is  a  steep  headland,  covered  on  the  top  with  stunted  wood, 
and  presenting  the  appearance  of  a  truncated  dome  ;  its  summit  is  deeply 
excavated,  whence  the  common  Ironical  name.  This  hill,  as  shown  in 
Liffii.  187,  consists  of  arched  strata  of  Wenlock  shale  and  limestone. 
The  limestone  teenis  with  the  characteristic  fossils  of  this  diviaioii  of  the 
Silurian  series  (see  Table,  p.801).  Castle  Hill  and  Hurst  Hillaresimilar 
•nd  parallel  apheaved  mosses. 

The  truncated  appearance  of  the  summit  of  Wren's  Nest  has  evidently 
originated  fraoi  the  denudation  of  the  upper  part  of  (he  dome  of  which 
it  once  consisted  i  the  strata  having  been  originally  protruded  in  on 
arched  position,  as  in  Kettle  Hill  (see  the  section,  Liffn.  187)  ;  and  tee 
have  in  these  Silurian  limestones  and   shales  a  corresponding   etruc- 

*  See   the  Map  accompanying  Ihe  "Silurian   System,''  or  (hat  in 
"Siluria." 
t  Seep.68S,for  an  abcount  of  a  fossil  forest  in  a  colliery  nearWolTei- 
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ture  with  that  abs«rvable  in  the  mauntain-limeatotie  of  Crich  Hil.  in 
Detbyahire,  of  which  we  liiTe  already  apoken  {p.  699) . 

14.  The  Clent  Hills. — In  the  above-de- 
scribed Bection,  the  upheaved  and  contorted 
sedimentary  deposits  are  alone  displayed ; 
the  deep-seated  volcanic  mass,  by  which  they 
were  elevated  and  thrown  into  their  present 
position,  being  concealed  from  view.  But 
in  several  places  in  the  surrounding  district, 
the  intrusive  igneous  rocks  appear  above  the 
surface,  in  sharply- defined  ridges ',  as  in  the 
Sowley  Hill,  near  Dudley,  and  those  of  the 
Clent,  Homsley,  and  Lickey ;  and  the  more 
distant  ranges  of  Abberley  and  the  Malvems 
in  Worcestershire. 

About  two  miles  to  the  sou  th  of  the  Dud- 
ley coal-basin,  and  stretching  in  a  parallel 
direction  with  the  Silurian  range  previously 
described,  is  another  chain  of  hills,  about  six 
miles  in  length,  and  varying  in  height  from 
800  to  1000  feet,  called  the  Clent  Hills.* 
This  elevated  district  is  formed  by  a  protru- 
sion of  felspathic  trap-rocka  through  Per- 
mian strata,  consisting  of  cosglomerate  and 
sandstone,  with  comstone  and  traces  of  coal, 
as  shown  in  lAgn.  168.t  This  basaltic  erup- 
tion must  have  taken  'place  after  the  Cai^ 
boniferouB  strata  were  deposited,  and  long 

■  Within  the  precincts  of  the  Clent  Hills  are  Hagly,  die  seat  of  Lard 
Lyttleton,  which  the  muse  of  ThoTnaon  has  rendered  claaaic  ground,  and 
the  equally  celebrated  Leaaowes  of  Shenstone. 

t  The  trap  or  yolcanic  rock  of  the  Clent,  Lictay,  and  Abberley  Hills 
is  chiefly  composed  of  biowniah-red  compact  felspar,  occaaiunally  por- 
phyrilic,  and  eomelimea  poHlog  into  ■  fine  concretionary  rock. — Sil,  Sytl 
p.  496  ;  and  Rtcordt  Gtd.  Survey,  vol.  i.  part  2,  p.  240. 
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antecedent  to  the  Triassic  period,  the  strata  of  which  age 
have  been  quietly  deposited  on  the  Boutheni  flank  of  the 
Clent  Hills,  as  seen  in  Lign.  IS8. 


The  following  description  by  Mr.  Hugh  Miller  is  too 
characteristic  to  be  omitted  : — 

'■  The  New  Red  Sandstone,  out  of  which  the  Cleat  Hillt  rise,  forma  a 
rich,  sightly  undulating  country,  reticulated  by  many  a  green  lane  and 
luxurionl  hedge-Toir  ;  the  hilli  tbemselvee  are  deeply  scooped  by  hollow 
della,  fuTTOwed  by  Bha^gy  niines,  and  roughened  by  confluent  emi- 
nences ;  and  on  the  gonth-wealem  slopes  of  one  of  the  finest  and  most 
Tariegated  of  the  range,  half  on  the  campacatively  lerel  red  sandstone, 
half  on  the  steep-aided  billowy  trap,  lie  the  grounds  of  Hagly.  Let  the 
Bdinbuigh  reader  imagine  such  a  Irap-hill  as  that  which  rises  on  the 
north-east  between  Arthur's  Seat  and  the  sea  tripled  or  quadrupled  in  its 
eiteDt  of  base,  hollowed  by  dells  and  raTinea  of  consideralile  depth,  coier- 
ed  by  a  soil  capable  of  auataining  the  noblest  trees,  mottled  over  with 
TOtive  unts.  temples,  and  obeliaki,  and  trarersed  by  many  a  wiudLng 
walk,  skilfully  designed  to  lay  open  every  beauty  of  the  place,  and  he 
will  have  no  rery  inadequate  idea  of  the  British  Tempe  sung  by  Thomson. 
We  find  its  loveliness  compounded  of  two  simple  geological  elements, — 
thatabrupt  and  variegated  picturesqueness  for  which  the  trap-rocks  are 
80  femous,  and  which  may  be  seen  so  strikingly  illustrated  in  the  neigh- 
boiuhoad  of  EdiDburgh,  and  that  sofl-lined  and  level  beauty^u  ex- 
quisite component  in  landscape  when  it  does  not  stand  loo  much  alone — 
BO  characteristic.  In  many  localities,  of  the  Lower  New  Red  Sandstone 

formation From  thehill-top,*  the  farWelshmountaiD8,lhoD^ 

lessened  in  the  distance  to  a  mere  azure  ripple,  that  but  barely  ronghened 

*  The  eminence  so  glowingly  described  by  Thomson  ' — 
"  Meanwhile  you  gain  the  top  from  whose  fiur  brow 
The  bursting  prospect  spreads  immense  around,"  &e. 
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the  line  ot  ihe  horizon,  irere  u  dutinctty  defined  in  the  cleu  almosphere 
aa  the  green  luiuriant  leafage  in  the  foieground,  which  harmoniied  su 
eiquisitely  with  their  blue.  The  line  extended  from  far  bejond  the 
Shrapahiie  Wrekin,  on  the  right,  to  far  beyond  the  Worcesterahire  Mal- 

Temi,  on  the  left In  the  foreground  ire  luiTe  the  undulating 

trap Next  succeeds  an  Bilendad  plain  of  the  richly-culliyated 

New  Red  Sandstone,  vliich,  occupying  fully  two-thirds  of  the  entire 
landscape,  forme  the  whole  of  what  a  painter  would  term  ita  middle 
ground,  and  a  little  more.  There  risea  orer  thia  plain,  in  the  distance,  a 
ridgy  acclivity,  much  (retted  by  inequalities,  composed  of  an  Old  Bed 
Sandstone  farmation  coherent  enough  to  haTO  resisted  tboaa  denuding 
agencies  by  which  the  sotler  deposite  haye  been  wom  down  ;  while  the 
distant  sea  of  blue  hills,  that  seem  as  if  toppling  over  it,  has  been  scooped 
out  of  the  Silurian  fonnatiana,  Upper  and  Lover,  and  demonstrates  in  its 
commanding  altitude  and  bold  wary  outline  the  atill  greater  solidity  of 
the  mstenals  which  compose  it."* 

15.  Thb  Weekin. — The  Dudley  coiil-field  is  remarkable 
for  the  beds  of  volcanic  grit  intercalated  between  the  upper 
strata  of  the  CotJ-meaaureB  and  the  Permian  deposits ;  and 
which  Sir  £.  Murchiean  ig  of  opinion  were  formed  from 
the  detritus  of  eubmarine  volcanos,  which  were  in  activity 
towarde  the  close  of  the  Carboniferoue  epoch.t  The  solid 
intmsive  trap-rocka  are  of  a  later  date,  and  appear  in  varioua 
detached  points  near  Dudley.  The  largest  mass  constitutes 
Bowley  Hill,  a  ridge  two  miles  and  a  half  long,  and  one 
mile  wide,  extending  from  Bowley  Begis  to  the  southern 
suburbs  of  Dudley.  This  trap-rock,  known  locally  as  the 
Sowley-rag,  is  a  hard,  fine-grained,  crystaUinB  green-atone, 
or  basalt,}  being  an  admixture  of  grains  of  hornblende  with 
small  cryatala  of  felapar  and  quartz.  This  mineral  appears 
in  a  slender  columnar  form  in  Pearl  Quarry,  near  Timmin's 
Hill,  at  Sowley. 

*  "  First  Impreaaiona  of  England  and  its  People,"  by  Hugh  Hiller; 

London,  1847,  p.  Ill,  Sec.  f  *'  Silurian  System,"  p.  466. 

X  This  Irap-rock  supplied  the  materials  for  the  important  exporimenta, 
by  Gregory  Watt  and  Sir  James  Hall.ou  the  fuaionond  cooling  of  rocks ; 
and  baa  of  late  been  employed  by  Messrs.  Chance,  at  Oldbury,  nfar 
Birmintdiaiii,  in  the  nuumfacluie  of  molten  indesliuctlble  aichilectural 
malerials. 
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^  But  one  of  the  most  remarkable 

eiamplee   of  erupted  trap  in  this 
part  of  England  is  that  which  has 
formed  the  hill  called  the  Wrekin, 
near  Wellington  in  Shropehire,  on 
the  north-west  flank  of  the  coal- 
field of  Coalbrook  Dale ;  and  which 
must   have   taken   place  after   the 
accumulation  of  the  Silurian  strata, 
^  as  the  latter  were  evidently  thrown 
i  -,  into  inclined  positions  before  the 
^  5  Carboniferous  were  deposited.'     At 
g  1  a  subsequent  period,  and  long  after 
~  this  coaaotidatioa,  the  coal-measures 
were  in  their  turn  pierced  and  tra- 
Tersed  by  other  intruded  masses  of 
I  igneous  rock,  differing  in  mineral 
f  matter,  but  erupted  in  contiguous 
g  lines  of  fissure,  parallel  to  that  of 
the  Wrekin. 

The  IVrekin  is  an  elliptical  hill,  about 
a  mile  and  a  quartet  long,  its  highest  sum- 
mit being  liiO  feet  aboye  the  level  of  the 
aea.  It  ia  composed  of  igneous  roclui 
tuLving  oa  ila  flanks  Tarious  members  of 
the  Silurian  and  Carbon  I  ferous  syslems,  aa 
shown  in  the  section,  Lign.  189.  The  sedi- 
mentaij'  deposits  withiu  the  influence  of  the 
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■idersble  alteration ;  the  sandstoiie  being  changed  into  granular 
rock,  much  of  which  is  pure  white  quartz,  with  particles  of  decomposed 
felspar,  and  lometimes  much  resembliug  submarine  TOlcaoic  dejectioos  . 
ill  some  places  (his  ruck  becomes  a  brecciated  s^regate. 

The  igneous  rock-masaes  aie  various  modificationa  of  pink  and  deep- 
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r  Hill  (see  p.  700)  ia  ai 
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red  ajenile,  conaiating  of  compact  felapar  with  while  quRrtz.  and  diase- 
ininat«d  chlorite  :  in  some  parts  the  maas  ie  mnde  up  of  Telspar  with 
green-enrth  and  veina  of  carbonate  of  lime.  To  the  soulh-east  of  the 
Wrekin,  bossea  of  a  basaltic  green-atone,  of  irrepilar  ihape,  appear 
around  the  Tillage  of  Little  Wenlock  (Lijm.  189). 

The  inyaluable  work  to  which  I  dm  indebl- 
^      ij  ed  for  most  of  the  interesting  facts  thua  briefly 

noticed  ahould  bo  referred  to  for  full  details 
of  the  geological  atructure  and  relaliona  of 
the    depoails    under    reriew.     The  eminent 
author  congidera   that  this  district  of  Shrop- 
ahire  affords  unequiTOcal  evidence  of  the  al- 
ternate actiTlty  and  repose  of  rolcanic  action, 
during  very  long  periods  inthepalEeoioicages; 
.  the  following  sequence  of  geological 
I  clearly  eatablished  :^I.  that  volcanic 
grits  were  formed  during  the  deposition  of  the 
Lower  Silurian  strata;— 2.  the  Upper  Silu- 
jid  Devonian  sandstone  were  ac- 
:    cunitutaled  tranquilly,  without  a  trace  of  con- 
mporaneous    eruptions;  —  3.    after    their 
nsolidation,    the    last-mentioned    deposits 
g  "^   were  dismembered,  and  set  upon  their  edges 
5  J  by  vast  ontburats  of  intrusive  trap  ;■ — 4.  Iho 
D  ^   (Carboniferous  beds  were  deposited  after  the 
I  *"  older  strata  were  upheaved  ;  and  5.  that  sub- 
ti       AUU      i  i  ^       sequenl  dialocations,  including  soma  of  Ihe 
^<S       JJ)    **  '  I  ^       most  violent  with  which  we  are  acquainted, 
111  I         »  t  -i.       look  place  afier  the  deposition  of  tbeCoal- 
meaaurea  and  Permian  ssndalaDe.* 

16.  The  Ma.ltebu  Hills,  Ac. — 
In  Wor(;e8ter9hire,the  clifferent  mem- 
bers of  the  Silurian  system  are  well 
developed,  and,  though  occupying  & 
narrower  zone  than  in  Shropshire, 
constitute  a  continuous  band  for  a 
distance  of  between  twenty  and  thirty 

"  p.  235.    This  snl^ect  is  also   treated  of  in 
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miles ;  yiz.  from  the  northern  end  of  the  Ahberley  Hilla,  to 
the  southern  extremity  of  the  Malverne  ;  "  and,  though  the 
strata  are  dislocated,  and  even  through  a  course  of  four 
miles  entirely  reverted,  yet  they  maintain  a  prevalent  inclin- 
ation to  the  west,  and  dip  beneath  the  Old  Bed  Sandstone 
of  Herefordshire.  Emerging  through  the  Silurian  deposits, 
and  forming  a  buttress  on  their  eastern  flank,  are  certain 
igneous  rocks,  which,  in  the  Abberley  Hilla,  protrude  only 
at  intervals  through  the  dislocated  strata,  but  in  the  Mal- 
veniB  constitute  a  narrow  ridge  of  syenite,  rising  to  some 
height  above  the  Silurian  deposits ; "  *  as  represented  in 
Liffiit.  190,  191. 

The  Malvern  Hills  are  situated  in  the  south-western  part 
of  Worceaterehire,  and  consist  of  an  uninterrupted  chain 
about  nine  miles  long,  and  two  wide,  the  highest  summits 
attaining  au  altitude  of  nearly  1500  feet.      This  outline, 
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when  viewed  from  a  distance,  as,  for  example,  from  tlie 
heights  above  Cheltenham,  is  very  striking,  and  characteristic 
of  their  geological  structure.  The  three  highest  points  are 
the  Herefordshire  aud  Worcestershire  beacons,  and  North 

•  "Silurian  Syalem,"  p.  410;  "8iluria,"p.  92;  tnd  Phillipa'  Mo- 
moir  on  Ihe  Halvom  and  Abbeily  Hilla,  in  tlie  Hem.  Geol.  Survej,  vol. 
ii.  part  1 ;  also  liii  "  Manual  of  Gaology,"  p.  513 ;  and  Koticea  Bo;. 
Instil.  Qreat  Brit.  1857,  p>r(  7,  p.  38S. 

t  See  also  "  Silutia,"  p.  94 ;  ibid.,  2nd  edit.  p.  192,  fie. 
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Hill  (Ziffit.  190),  formed  by  the  protruded  lyenitic  rocliB, 
which  form  the  nudeuB  of  this  mountain-Tange.* 

In  paeeing  from  Herefordshire  to  Worcesterflhire,  in  a 
line  from  west  to  eaat  (aee  i»y».  190),  the  Devoninn  or 
Old  Bed  Btrnta  first  appear,  and  are  succeeded  hy  the  Upper 
Silurian,  namely,  the  Ludlow  and  Wenlock  deposite ;  next 
follow  beds  of  May  Hill  sandstone,  and  we  then  arrive  at 
the  protruded  peaks  of  igneous  rock,  and  descend  over  the 
Permian  Conglomerate  and  Triassic  strata  to  the  plains  of 
Worcestershire.  The  relative  position  of  the  strata  and  the 
erupted  rocks  is  shown  in  the  aneied  diagrams  (Jjym.  189, 
190,  and  191).  The  entire  succession  of  the  Silurian  series, 
between  the  Syenite  of  the  Malvems  and  the  Old  Bed  Sand- 
stone, is  veil  exposed  in  a  traDsrerae  section  from  Mid- 
summer Hill  to  Ledbury. 

Tbeie  u  one  festure  in  the  geologr  of  the  Malvem  Hilk  that  demands 
puticulai  notice.  The  Silurian  strati  in  immediste  contact  with  the 
a;enit«  are  aontetioies  partly  bent  back,  oc  inveiled,  as  ahomi  in  the 
■ectioc,  Lign,  130,  in  which  the  Wenlock  limestone  (3.)  is  seen  at  a  diit- 
ance  bom  the  ByeniCe  and  unaffected,  whilst  the  May  Hill  sandstone  and 
grit  (4.)  are  OTertumed  and  dip  in  an  opposite  direction. 

In  &e  Abberley  Hills,  the  same  phenomenoa  appears  in  a  moTe  stiik- 
ing  point  of  view  j  and  through  a  range  of  four  or  fire  miles,  the  De- 
vonian, Ludlow,  and  Wenlock  strata  are  completely  inverted,  the  newer 
focmaLiona  being  ovetlaid  by  the  older  ;  "  so  ajrmmetrical,  indeed,  is  the 
reversal  in  this  part  of  the  range,  that  any  geologist  who  had  not  pre- 
viously made  himself  acquainted  with  the  true  order  of  superposition 
would  naturally  canceivo  the  Wenlock  limestone  to  be  yoanger  than  the 
Ludlow  rock,  and  the  Ludlow  rock  than  the  Old  Red  Sandstone."  f 

The  Lickey  Hilla,  which  are  situated  about  three  miles  from  the 
■outhem  extremity  of  the  Dudley  coal-field,  consist  of  a  narrow  ridge  of 
quartE-rocks,  about  three  miles  in  length  and  four  or  five  hundred  feet 
bigb,  and  are  referred  by  Sir  R.  I.  Murchison  to  the  Upper  Llandovery 

*  A.  very  interesting  Memoir  on  the  mineralogy  of  the  Malvcm  Hills, 
by  Mr.Leonard  Homer,  was  published  in  the  Geol.  Trans.  1st  aer.  vol.  i 
p.  281. 

t  "  Silurian  System,"  p.  421, 
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■anditoue;  the  quartz -rock  of  the  Lickeygiadiwllyptuaiiig  into  a  fossili- 
rerons  utndatone  contuning  the  chiiracleriatic  organic  remains  or  the 
Pentamema-zone:*  A  maw  of  trap,  bemg  Ihe  prolongation  of  that  of  lbs 
Ctent  and  Abberley  Hilla,  forms  the  nuclen*  of  the  ridge,  and  appears  in 
the  point  called  Lickey  Beacon,  on  the  northern  end  of  Ihe  Bromsgroro 
Lickejr  HilU,  which  conBist,  in  great  part,  of  Permian  and  Triaaaic 
rtrata-t 

The  Valley  of  Woolhope,  which  lies  to  the  weal  of  the  southern  eitre- 
mity  of  the  MalvemB,  about  three  or  four  miies  from  Hereford,  ia  a  re- 
maikable  instance  oF  -what  geologiits  term  a  "  ralley  of  eleration  ;  "  being 
a  dome-shaped  piotmaion  of  Silurian  rocks  through  the  DeTonian  depo- 
sits, of  which  the  surrounding  region  consiats.  This  elevated  mass 
of  strata  ia  of  aa  oial  fDrm,  being  six  miles  long,  and  four  wide.  Within 
this  area,  the  Upper  Silurian  strata  are  thrown  up  into  concentric  and 
conformable  masses,  each  dipping  antwards  from  a  common  CEUtre,  and 
Ihe  whole  passing  beneath  the  Old  Red  Sandstone.  The  central  nucleus 
conaista  of  qaartaose  grits  belonging  to  the  Mayhill  aandalone  or  Uppn' 
Llandorery  group.  The  trenches  eurrounding  the  central  maaa  hare 
been  produced  by  (he  degradation  of  the  more  perishable  beds,  and  (he 
denudation  of  the  harder  rocks-t 

I  must  not  conclude  this  brief  sketch  of  the  geological  phenomena  of 
the  British  Silurian  series,  without  referring  to  the  evidences  of  sub- 
marine and  possibly  sub-aerial  Tolcapos  having  eiisled  in  Silnrian 
time9.§  During  the  period  when  the  Llaitdeilo  Sags  and  their  equivalenis 
were  accumulated  over  the  area  eitending  from  the  Malveras  to  Pem- 
brokeshire, volcanic  vents  existed,  whence  molten  matter  and  ashes 
were  ejected,  and  became  intermingled  with  the  detrital  accumulations 
of  the  period.  The  volcanic  aahea  were  mixed  up  with  (he  gravela  and 
sands  that  are  now  in  the  Bta(e  of  conglomerates  and  sandstones,  and  ac- 
cumulated in  beds  that  are  interatiatified  with  the  mud  and  sand.  These 
igneous  products  were  erupted  prior  to  the  granites  of  those  districts. 

Tho  great  peaked  mountain-masses  of  Snowdon  and  Cader  Idris,  in 
Wales,  are  formed  of  Lower  Silurian  strata  interatratified  with  con(em- 
poraneous  volcanic  grits,  and  traversed  by  subsequent  dykes  and  pro- 


■  See  "Riluria."  The  quartz-pebbles  so  largely  distributed  over  this 
part  of  England,  and  eitending  into  tlie  valley  of  the  Thames,  are  water- 
wom  fragments  of  the  rocks  composing  this  ridge  ;  see  p.  220. 

t  "Silurian  System,"  p.  493.  t  Ibid.  chap.  iiii.  p.  488. 

}  "  Silurian  System,"  chap.  xiii.  (md  mvi.  &c. ;  and  Mem.  Geol. 
Surv.  vol.  i.  pp.  33  and  35.  "* 
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tnuiTe  maues  ofigaeaus  rocks.  The  alraU  of  Cader  Idiu  ureLuigaln- 
flaga  ;  those  of  Snowdon  are  Carwioc  sacdalone.  Of  the  igneous  rocka 
of  the  Upper  Silurian  period  loms  notice  ha»  already  been  mode  at 
page  813. 

In  the  DeTonian  ilrata  aJao,  near  Tavistock  and  in  South  DeTon,  vol 
canto  aah  is  inleiaiingled  with  liie  argillaceoua  glalee  and  limettones.* 

17.  SiLUBiAS  ADD  Cakbbiait  stk&ta  ot  Eusopb  aud 
Ambbioa. — Since  the  publicatioa  of  the  "  Silurisn  Syatem," 
much  has  been  done  to  determine  the  position  of  the  foreign 
sedimentary  depoBite  formerly  known  to  geologiBts  by  the 
general  term  of  TranBition-rocka  ;  and,  bo  iar  aa  recent  ob- 
serratioiis  have  ascertained  the  chanicterB  and  relatiosa  of 
the  most  ancient  foBsiliferouB  strata  on  the  Continent,  they 
are  all  referable  to  the  same  geological  period  as  the  Silurian 
and  Cambrian  formatious  of  England. 

In  France  t  Ihe  oldest  palnoioic  rocks  are  Lover  Silurian,  vUch  are 
succeeded  bjr  ihe  Lower  Deroniui ;  the  Upper  Silurian  being  absent. 

In  Bohemia,  especiall;  around  Pragne,  both  Lower  and  Upper  Si- 
lurian strata,  oHen  extremely  rich  in  fossils,  are  largely  developed  ;  and 
hare  been  admirably  elucidated  by  H.  Barrande.} 

Throu^ont  ScaodinaTia  J  crystalliae  rocks  occupy  the  surface  of  the 
country  to  a  TSst  extent,  and  are  covered  in  many  places  by  sedimentary 
strata  containing  Silurian  (bgails.  Near  Cbrisliuiia  in  Norway,  the  Lower 
Silurian  depodts  occupy  a  long  tioagh  in  the  gneissic  rodca;  and  tb« 
LItle  islands  in  the  Bay  contain  Upper  and  Lower  Silurian  sliala ;  the 

•  Uem.  Geot.  Surrey  Oreat  Britain,  vol.  i.  pp.  83  and  90. 

t  "SiluTia,"p.  383. 

X  "Systime  Silurien  de  la  Bohlme."  Besides  this  noble  reault 
of  his  labours,  in  the  form  of  the  first  volume  (4to)  of  a  magnifl- 
craitly  illnstrated  and  comprehenaiie  work  on  the  rocks  and  fogsils  of 
the  Silurian  basin  of  Bohemia,  M.  Barrande  has  published  numerous 
papers  and  memoirs  in  the  geoli^cal  publications  of  Paris  and  Ger- 
many. A  complete  epitome  of  bis  riews,  ably  drawn  up  by  his  friend. 
Sir  R.  Uuichison,  may  be  consulted  in  "  Siluria."  See  ajso  •  full  notice 
of  H.  Barrande's  great  work  in  the  Annals  of  Nat.  Hist  2nd  ser,  vol, 
xii.  p.  130. 

i  See  "  Geoli^  of  Russia,"  &i:  p.  10,  Ac. 
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entini  aerie*,  villi  ■  multitode  of  isipiol  fosaiti,  being  exhibited  in  lewy 
•ouijl  ttreai.' 

The  IbIb  oC  Gotblaad  exhibits  »  fine  teiiea  of  Upper  and  Lower  Si- 
lurian rocla.  Throuj^oul  a  large  part  ot  the  ptorince  of  Scaraborg,  in 
the  loulh  of  Sweden,  the  Silurian  atrats  are  perfectly  horizoolal ;  the 
different  anbordinate  formationa  of  aandalane,  abale.  and  limestone  oc- 
currii^  at  Gorreipondinf  heifbta  in  hilia  many  leagues  distant  from  each 
olhsr,  with  the  same  mineial  characlera  and  organic  remnins.  It  is  clear 
that  they  have  never  been  disturbed  since  the  time  of  their  deposition, 
except  by  such  ^adual  moTemenla  as  those  by  which  large  areas  in 
Sweden  and  GreBnland  are  now  slowly  and  ioeensibly  rising  abore,  or 
■inking  below,  their  former  lerel. 

In  Russia  and  the  Baltic  Piorinceaf  the  lower  division  of  the  SUuriao 
system  Lb  characterized,  as  elsewhere,  by  the  abtmduice  of  Orthides,  Lep- 
lEente,  and  other  bracliiapodous  shells,  OrthoceraliteB,  and  Trilobites ;  the 
middle,  by  Pentameri ;  and  the  upper,  hy  large  masses  of  corals,  especially 
of  Favcsitea,  Cateniporn,  &c. ;  and  the  DsTonian  strata  teem  with  remaiiu 
of  the  typical  species  of  fishes,  and  with  Spiriferi,  LeptnneF,  Ac,  Through- 
out the  immense  extent  of  Central  Russia,  forming  nearly  one-hatf  of  the 
European  continent,  there  are  no  iotnisions  of  igneous  rocks ;  and  the 
whole  of  the  deposilB,  from  the  lowermost  to  the  uppermoat,  are  but  little 
altered,  and  in  many  instance*  are  Dnsolidified  ;  yet  each  group  contains 
the  aame  typically  characteristic  organic  remains  as  in  England.  But  in 
the  Ural  Mounlaina  and  Siberia,  the  formationa  of  the  same  age  are 
thrown  up  into  mural  massea,  broken  into  fragments,  impregnated  with 
metalliferous  matter,  and  exhibiting  every  variety  of  melamorphic  bc- 
tion4  y^t  a  clear  diatinclion  may  nevertheless  he  drawn  between  these 
pseudo- igneous  masses  and  the  true  ancient  cryBlsUine  rucks  on  which 
the  Silurian  strata  of  Scandinavia  rest.} 

In  North  America  a  similar  succession  prevails ;  and  we  have  thas 
proof  that  the  modification,  extinction,  and  renewal  of  species  are  not 
wholly  attributable  either  to  the  alteration  in  the  course  of  currents,  or  to 
the  elevations  or  depressions  oflheocean-hed.  or  to  other  mere  or  less  local 
causes,  but  depend  on  some  general  laws  which  govern  the  entire  animal 
Ungdom.     It  ia,  too,  moat  remarkable,  that  in  Russia,  where  the  de- 

*  See  Sir  R.  I.  Hnrchison's  Memoir  on  the  Geology  of  Sweden,  in 
Geological  Society's  Journal,  rol.  iii.  p.  1 ;  "  Siluria,"  p.  316,  Ac. 
t  "  Geolt^  of  Rossia  in  Europe  and  the  Ural ;  "  and  "  Siluria." 
t  Quart.  Joum.  GeoL  Soc  toI.  xiv.  p.  36,  &c. 
5  "  Siluria,"  p.  437. 


i,z«it>,GoogIe  ■ 


t  IS.  BILrittAN'  FOSSILS.  S21 

posits  huTG  gone  on  Ibrough  immense  perioda  williout  inlerruption,  th^ra 
are  few  species  which  pass  from  one  aeriea  into  another. 
The  Silurian  aeriea  of  North  America  is  diTided  as  follows  : — 
A.  UpptT Silurian.  I.  Cpper  Pentamerualitneatone;  2.  Dellltjris Khnljr 
limeatone  1  3.  Lower  Pentamerus  Hmeslone ;  4-  Waterlime  rocks; 
S.  Onondaga  salt-rocks  ;  6.  Coralline  limestone  ;  Nia^ra  shales  and  lime- 
stone. B.  Middlt  SHurian.  7.  Clinton  locks;  8.  Medina  sandslooe; 
9.  Oneida  conglomerate.  C  Loufr  Silurian.  10.  Hudson  River  rocks  j 
11.  Utica  alat«  ;  12.  Trenton  limestone  ;  13.  Bird's-eye  limeatone  ; 
14.  Cha:y  limestone;  15.  Calciferoios  sandstone;  16.  Potsdam  sand- 
stone ;  followed  by  the  Uuronioll  or  Bottom  Rocka  of  Canada. 

Siloriui  strata  form  immenae  areas  in  North  America,  and  cotialitute 
the  grand  ranges  of  the  Alleghanies.  In  the  Canadaa  they  rest  on  gneiss 
and  granitic  rocks,  like  the  equivalent  doposils  in  Scaadiuavia  and  the 
North-west  of  Scotland.  The  Green  MountaioB  of  Vermont  and  the 
White  Mountains  of  New  Hampshiis  are  compoaed  of  altered  Silurian 

18.  SiLCBii.if  FosBiLS:  Plant-kemaibb. — The  remains  of 
about  1000  species  t  of  auimaU  have  been  discoyered  in  the 
Silurian  and  Cambrian  deposits  of  Britain,  and  of  these,  some 
are  also  present  in  the  Devonian  formation.  Terj  few 
species  only  are  common  to  the  whole  palceozoic  system,  and 
not  one  of  these  is  known  in  any  of  the  secondary  deposits. 
The  genera,  however,  have  a  much  larger  range.  These 
remains  almost  exdusivelj  belong  to  the  inTertebrata,  the 
relics  of  fishes  beiug  comparatively  rare  ;  the  large  develop- 
ment of  this  class  of  vertebrated  animals  in  the  Devonian 
strata  above  is  a  remarkable  zoological  character  of  that 
period,  for  the  general  forms  of  the  Silurian  fauna,  with  this 
exception,  are  also  found  in  that  series. 

*  The  admirable  Geological  Stale  Surveys  of  North  America,  by 
Hitchcock,  W.  B.  and  H.  D.  Roger*,  Hatl,  Conrad,  Vanuxem,  Dale 
Owen,  SwsUov,  Ac.,  and  of  Canada,  by  Sir  W.  Logan,  contain  full  par- 
ticulars of  the  palEeozoic  atrata  and  their  organic  remains.  See  also  the 
Memoirs  by  De  Vemeuil,  D.  Sharpe,  Bigsby,  Marcou,  Lyell,  and  others ; 
and  especially  the  valuable  chapter  on  the  Paleozoic  Rocks  of  Soulli, 
North,  and  Arctic  America,  in  "Siluria." 

t  Phillips,  "Manual  Geol."  p.  128. 
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VegeUAUt. — Although  beds  and  patches  of  calm,  anthra- 
cite, and  bitaminoua  shale  occur  here  and  there  in  the  lower 
palffiozoic  rocks  *  (SUurian  and  Cambrian),  jet  plant-remains 
are  extremely  rare.  Indeed,  it  is  not  jet  proved  for  certain 
that  the  old  anthracitic  Bcbists  owe  their  origin  to  the  de- 
composition of  massea  of  seaweeds,  rather  than  of  Eoophytea,t 
and  what  have  been  regarded  as  fossil  Fad  may  often  reallj 
be  the  casts  of  worm-tracks.}  This  is  certainly  the  case  with 
Scolitku*  Unearis  of  tbe  Potsdam  sandstone  and  Lingula- 
flag8,§  and  probably  with  respect  to  the  "  Eucoides  Har- 
loni,"  abounding  in  the  Silurian  rocks  of  the  Alleghany 
Moimtoinfi.  The  latter  are  short,  curved,  subcylindrical, 
wrinkled,  overlapping  bodies,  sometime  forming  entire  layers, 
one  hundred  of  which  occur  in  a  thickness  of  twenty  feet.|| 

It  is  in  the  Uppermost  Silurian  (Tilestone)  only  that,  as 
yet,  seed-vessels  and  woody  relics  of  terrestrial  vegetation 
have  been  found  in  England.  These  are  of  the  Lycopo- 
diaceous  type.5 

lathe  flagstones  of  Magdesprung,**  in  the  Hartz, however, 
which  are  most  probably  of  Upper  Silurian  age,  M.  Bischoff 
has  discovered  several  specimens  of  plant-like  fossils.  Some 
at  least  of  these  appear  to  be  portions  of  stems  or  branchea, 
somewhat  resembling  those  known  under  the  names  of 
SJwrria  and  SigiUaria  in  the  Devonian  and  CorboniferouB 
strata. 

19.  SiLVBIAS  Z0OPBTTES,E0EIK0DXBM s,uni  AmrXLIDZS. 

—The  Porifsra  do  not  appear  to  have  been  frequent  in  tbe 
Silurian  seas,  if  we  are  to  judge  by  tbe  general  absence  of 

■  See  "  SiluriB,"  Appendix ;  Rep.  Brit.  Auoc.  1844,  aecU  p.  156,  Ac. 
f  See  Harknesi,  Quart.  Joum.  Geol.  Sac.  vol.  zL  p.  471. 
i  See  above,  pKga  808.  (  "Siluria,"  Sndedit.  p.  41. 

I  Dr.  Hailan'a  "  Hedic«]  and  FliTnc*!  Rneaiches,"  p.  399. 
V  Slriclcland,Quait.Jouni.Gea[.  Soc.  voLii.  ji.  10;  and  Sailer, iti^ 
Tol.  III.  p.  76.    "  Siliuia,"  2nd  edii.  p.  2G7,  noM. 
**  QuaiU  Jouni.  Ocol.  Soc.  vol  li.  p.  432. 
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foiail  specimenB.  Cliona,  however,  liaa  been  obserred  in  the 
Upper  and  Lower  Silurian  rocks  of  Britaia  and  Bohemia. 
Prof.  Ehrenberg  has  sbown  *  that  the  graioa  of  which  the 
greenaand  associated  with  the  Ungulit«-grit  of  the  Lower 
Silurian  series  of  BuBsia  and  the  Baltic  Frovinces  is  com- 
posed are  in  part  at  least  the  stony  casts  of  the  chambers  of 
shells  of  primteval  Foraminifera,  not  differing  &oni  those  of 
later  times.| 

The  Oldhamia  occurs  as  small  groups  of  radiated,  fibrous 
or  thread-like,  wrinkly,  raised  or  sunken  lines  on  the  sur- 
taaea  of  the  beds ;  and  at  first  sight  appears  like  some  marine 
Conferva.  It  is  of  obscure  relations ;  but  is  valued  as  an 
interesting  foesil,  being  abundant  in  the  "  Bottom-rocks  "  of 
Bray  Head. 

The  corals,  crinoida,  and  shells,  in  many  of  the  Silurian 
rocks,  are  so  numerous,  and  comprise  so  many  interesting 
forms,  that  &  reference  to  works  expressly  devoted  to  the 
subject  can  alone  convey  an  accurate  idea  of  this,  the  most 
ancient  fauna  of  our  planet,  of  which  any  vestiges  hare 
hitherto  been  obtained.} 

•  Berlin  TracMd.  for  ISbb,  p.  172,  pL  vi. 

t  See  BboTG,  pp.  314  and  332 

X  The  beautiful  and  accurate  plntea  in  Sir  R.  MoTchuon'i  "Silurim 
System,"  ind  repeatad  in  "Siluri»"  (whicli  latter  work  conlftina  also 
numerous  woodout  flgureaof  palnazaic  faaaila),  contain  repreaenlationiof 
a  large  proportion  of  the  Britiah  fpecies.  Many  olbera  are  figured  in  the 
Geol.  Tranaaclions  and  Journal ;  in  Soweibj'a  "  Mineral  Conchology  ;  " 
in  Phillipi's  "  Figurea  and  Deacriptiona  of  the  Palxoioic  Foaula  of  Ctom- 
wall,  Devon,  and  West  Somerset ;  "  in  Portloch'e  "  Geological  Report  of 
Londonderrj,"  4e. ;  in  the  "  Geology  of  Itusaia  and  the  Ural ;  "  the  Me- 
moira  and  Decades  of  the  Geol.  Surrey  i  Sedgwick  and  U'Coj'a"SyDopais 
of  the  Britiah  PalKoioicRocka  and  Foaaila;"  H 'Coy's  "  Synopa.  Sil.  Fooa. 
Ireland  ;  "  Ac.  The  corals  have  been  figured  and  described  by  Milne- 
Edwordi  and  J.  Hoime.  The  noble  palieontological  Totumea  of  James 
Hall,  Dale  Oven,  and  others  of  the  Dnited  States  geologists  mast  be 
consulted  for  the  fossils  of  North  America.  The  Silurian  fooBils  of 
Bohemia  have  H.  Barrande  for  their  accurate  and  persevering  hiatoriAn ' 


.,  Google 


8*24  THE  WONDERS  OF  QEOLOOT.  Lect.  Till. 

Of  the  corals,  the  Chain-coral  {Cateinpora  or  Halyeiles, 
p.  653),  Omphyma  (p.  650),  C^athophgllum,  aod  many  large 
species  of  Alveolitet,  Hmmlet,  Heliolitei,  &c.,  are  among  the 
prevalent  forma.  They  abound  mostly  in  the  Wenlock 
group,  and  are  often  aggregated  and  cemented  t^igether  into 
large  masses  of  limestone,  on  the  surface  of  which  the 
BlAra  or  cells  of  the  corals  appear  in  relief.  The  slabs  of 
Dudley  (or  Wenlock)  limestone,  embossed  with  these  fossils, 
must  be  familiar  to  every  intelligent  observer;  indeed, from 
the  profusion  of  trilobites,  shells,  and  corals  displayed  in 
relief  on  the  surface  of  the  slabs  of  this  limestone,  many  of 
the  specimens  are  of  surpassing  interest ;  they  are,  indeed, 
tablets  of  stone,  inscribed  with  the  typical  hieroglyphics  o''' 
the  palftozoic  ages. 

The  QraptoUiea  *  are  peculiarly  characteristic  of  the 
Silurian  rocks.  They  are  small,  narrow,  thin,  saw-shaped 
fossils;  straight,  curved,  or  spiral;  and  either  simple  or  com- 
ptei  in  their  stems  and  polyp-cells.  They  are  often  thickly 
scattered  on  the  sur&ces  of  flagstones.  Oenerally  black, 
sometimes  bright  grey  (Sardinia),  they  catch  tbe  eye  by  the 
dietiuctnesa  of  their  general  form,  though  the  strictest  scru- 
tiny of  the  naturalist  is  required  to  distiDguish  the  varying 
characteristics  of  their  protean  structure.  Whether  they 
be  allied  to  the  existiog  Alcyonaria  or  to  the  Bryozoa,  ia 
undecided,  t 

Siyoxoa'^  are  not  unfrequent  in  the  lower  palieozoic  rocks. 

Members  of  the  Crinoid  division  of  the  Echinodermata 
abound  in  the  forms  of  Aottnoerinw,  C^athocrifiiu  (p.  664), 

and  thou  of  Su-dinia  ue  beautifully  figured  in  the  magoificent  work  o£ 
De  la  Msnaora.  The  Geological  Sodel;  of  Prance  also  have  published 
many  Hemoin  illustiativs  of  the  paltcozoic  fossils  of  Fiance,  Spaia,  &a. 

■  Medals,  p.  255.  Barrande,  Scharenberg,  Geiuitz,  J.  Hall.  Salter, 
M'Coy,  and  Harlinesahave  of  lale  years  especially  studied  and  illustrated 
the  Giaptolites.     See  also  "Siluria,"  chapt.  3. 

t  See  pp.  614  aod  629.  t  See  aboie,  pp.  601  and  6U. 
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&e.,  chiefly  in  the  Upper  SUurian  beda.  The  OyttoiSea  are 
DunierouB ;  especially  Caryoeyttilet,  Eekinotphteritet,  and 
Pteudocrinite*  (p.  66€).  The  Starfiab-group  alao  is  well  re- 
presented by  aeveral  apecieB  *  of  Palasatter,  Palailerina, 
Palteoeotna,  Bdellaeoma,  Bkopaloeoma,  PTOtatter,  PaltEodueut, 
and  Itepidatter,  with  the  echinoid  Paiachinui.  ■ 

Annelideat  have  left  abundant  proofs  of  their  existence  ' 
throughout  the  Cambro-Silurian  aeries.  The  SeoUlhtu  and 
Arenieolitet  are  their  burrowa ;  and  numerous  trails  and 
casta  of  tracks  and  holes  are  also  found.  These  haVe  been 
in  aome  cases  distinguished  by  names,  and  not  unfrequently 
they  have  been  taken  for  the  remains  of  fucoids.  Shelled  an- 
nelids, such  aa  Spirorbit,  TentactUitet,  and  the  ambiguous  G>r> 
«i(7i^«a,  often  abound.   The  two  l^t  are  characteristic  fossila. 

20.  SiLVBUK  MoLLcaca. — The  Brachiopodous  Molluaca 
constituted  a  very  lai^  proportion  of  the  population  of  the 
Silurian  eeas.}  They  attained  great  numbers,  as  genera,  as 
species,  and  as  individuals.  Species  of  Atrypa,  Ditcina,  Lep- 
tivna,  lAngula,  OrthU,  and  Rkynchontlla  abounded.  Poram'. 
honitei,  Stphonotreta,  and  Oholw  occur  in  the  Silurian  rocka 
only.  Some  of  the  middle  beds  (Llandovery  group)  are  full 
of  Pentameri.  The  genus  Lingula,  which  affords  some 
species  characteristic  of  the  lower  part  of  the  Llandeilo-rocks 
(Lingula- flags)  and  the  equivdent  Potsdam  -  sandstone, 
HhffnehoHflla,  Oranui,  Dueina,  and  probably  Tereh-alula,  ap- 
pear in  the  Silurian  rocks,  and  are  present  in  all  the  suc- 
cessive groups  of  paheoKoiCj  secondary,  and  tertiary  atrata, 
and  even  in  the  present  Bea3.§ 

The   Potsdam-sandstone,  the  moat  ancient  fossiliferoue 

■  Salter,  Ajinals  Nftl.  Kilt.  3nd  aer.  vol.  ii.  p.  321. 
t  HedKU,  p.  a03 

X  H.  Barrande  hai  determined  300  gpecie*  in  Bohemia. 
§  See  Mr.  T.  Davidsrai'g  highly  vainable  "  Synoplical  ArTangenieDt  of 
the  R«;ent  and  Foiii]  firacUopoda,"  Annali  Nat.  Hiat.  2ad  aer.  toL  itL 
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rock  of  North  America,  ia  in  Taaaj  places  divided  into  luoine 
hj  the  remuns  of  itmumerable  shelU  of  the  genus  lAttgula. 
The^  are  in  euch  profuaion  ag  to  form  black  seomB  like  mica, 
and  are  nccompanied  with  another  amall  placunoid  ihell, 
which  ifl  alio  asaodated  with  a  amall  apecies  of  Lingula  in 
the  lowest  beds  of  the  Llandeilo  series  of  Wales.  Here, 
then,  in  the  moat  ancient  term  of  organic  life  is  a  shell  be- 
longing to  a  geaus  not  extinct,  and  very  like  a  species  still 
living.* 

A  species  of  VngvUte*  or  Oholut  (a  small  orbicular  homy 
shell)  occurs  in  the  inferior  limits  of  the  fossiliferous  deposits 
in  BuBsU,t  occupying  the  same  geological  poaition  aa  the 
Littgwla  in  the  Lower  Silurian  beds  of  W^ea  and  North 
America  above  cited. 

Atnbonyehia,  Amtntla,  Pterinea,  Jrem,  Chidopiorvt,  Modio' 
loptit,  Iftmula,  and  Orihonota  are  most  of  the  principal 
bivalvea.  The  Fteropoda,  such  ae  ConvlariaX  and  Tkeea,% 
were  plentiful ;  and  of  large  size,  compared  with  the  existing 
species.  Of  Oatteropoda  there  were  numerous  forma:  Huom- 
phalitt,  Bolopella,  Murehuonia,  Fteurotomaria,  and  some 
shells  resembling  the  recent  Troehitt  and  Turbo,  were  pre- 
dominant. Aeroculia  (like  a  Capvltui)  was  not  unirequent 
in  some  localities,  and  attained  a  large  size.|  Chiton-like 
gasteropoda  {^Helminthoehiton)  aleo  existed.  The  Bellaro- 
phon,  a  genus  which,  like  many  of  its  associates,  lived  on  into 
the  Carboniferous  seas,  bad  many  species  in  the  Silurian. 
The  Cephalopoda,^  however,  were  the  master-forms**  of 

•  Lyell's  "  TriTelg.  N.  America,"  toI.  ii.  p.  157 

t  "  Geology  of  Hnwitt."  »dI.  ii.  p.  293. 

{  Specimens  more  than  >  foot  long  srs  preserved  in  M.  Burande's  in- 
valunble  collection  of  Bohetoiui  fossils. 

}  In  the  Lower  Silnrian,  Sts  inclin  is  >  Dot  mmmftl  len^  for  the 
Theca;  thej  are  nnallET  In  the  Upper  Siluium:  the  living  specie*  are  of 
microscopic  siie. — Bairande. 

I  Five  inches  long,  in  Bohemia. — Barrandt.  1  Hedali,  p.  447. 

■  Nearlji  300«pecies,iameaflbem  of  large  forma,  occur  in  Bohemia. 
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these  primeval  seaa.  In  Britain  ftlone  nearly  eiity  Bpecies  of 
Silurian  Ortkoeerata  are  known :  in  the  Bohemian  basin  M. 
Bftirande  baa  woi^ed  out  very  many  more ;  besidea  many 
othergenera,  some  almost  as  rich  in  species.  M.  Barrande  baa 
met  witb  at  least  two  specimens  of  Oriihoceras  in  which  re- 
mains of  the  soft  parts  are  still  present,  in  the  condition  of 
ft  soft,  waxy,  yellowish-brown,  adipocire-like  subatance.* 
Some  specimens  of  Ortboceras  attained  a  large  size,  being 
three  feet  in  length,  and  having  seventy  septa. 

Oonialilet  do  not  occur  in  the  British  Silurian  strata ;  hut 
are  present  (fourteen  species)  in  those  of  Bohemia,  where 
other  fossils  of  a  "Devonian"  character  are  mingled  with 
those  of  the  "Tipper  Silurian."  M.  Barrande  has  found  in- 
dications of  the  original  colours  of  the  shells  retained  on 
eight  or  ten  specimens  of  Silurian  cephalopods  of  Bohemia. 

Lifuitet,  Phragmocerat,  Ogrtoeera$,  and  Aieaeera*  are  the 
remaining  genera  of  the  British  Silurian  cephalopods.t 

21.  StLUBiAN  CBi7STA.CEi. — The  higher  or  Malacostra- 
cons  members  of  the  Cmstacean  order  do  not  appear  in  the 
lower  palteozoic  rocks.  The  Entomostiaca,  however,  abound. 
The  I'teri/gotuf,  allied  to  the  Limulus,  but  more  nearly  re- 
sembling one  of  the  Lobster  family  in  outward  form,  occurs 
in  the  Lower  Ludlow.^  with  Idmutoidei,  and  again  in  the 
uppermost  of  the  Ludlow  beds,  as  well  as  in  the  Old  Bed 
and  Lower  Carboniferous,  as  already  mentioned.  Symeno- 
carit  is  a  bivalvular  phyllopod,  somewhat  resembling  a,  Ne- 
balia,  and  is  one  of  the  oldest  of  known  organic  remains. 
Ceratioearu,  another  bivalved  crustacean,  with  protruded 

•  For  this  and  nmch  other  interMting  infomwtion  respecting  lh«  Silu- 
iTui  fonila  of  BoheniLB,  (he  Editor  is  indebted  to  the  kindness  of  H: 
Barrande. 

f  The  Editor  tabet  this  opportnnity  of  Bcknowledgbig,  irith  mnch 
pleasnre,  the  great  assistance  he  hoa  deriTed  throughout  this  work  from 
Frof.PhilUps'iSjnopticat  Tables  ofPanil  Genera  ("ManoBl  of  Geology," 
1855),  carefully  Gonniniclod  from  Morris'i  "  CaUl.  Bril,  Fobs.,"  18M. 

t  Salter,  Annala  N.  H.  2ud  ser.  tdL  is.  p.  321 
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tail,  belongti  to  the  Upper  Siluriaa.  Small  biralved  onto- 
moetraca,  Buch  aa  Beyriehia  and  Leperditia,  occur  both  in 
tower  and  Upper  Silurian  rockg,  and  often  in  great  numbers. 
Track-raarks,  referred  to  Limuloid  crustaceanB,  and 
termed  Protichnitet,*  have  been  founded  in  the  Potodam- 


aanilstone  of  Canada^  ^^  t^^  Clinton  roctcB  of  thp  United 
States, §  and  in  the  Lower  Silurian  of  Scotland :  ||  othera, 
referred  by  Mr.  Salter  to  the  Symenocarit,  have  been  found 
by  him  in  the  Lingula-flags  of  North  Walea-IT 

■  Firtt-traek). 

f  Calyjamt,  Bigaifying  concealed  :  in  nllaBion  either  to  the  obscuritj 
of  [Is  zoological  relaliona  when  first  studied,  or  to  tlie  non-dismvcr;  of 
legs  aod  sntennie. 

t  Logan  and  Owen,  Quan.Joum.Geol.SoC  vol.  viii.  pp.  199  and  214,' 

$  Deaar  and  Owen,  ioc.  cii.  p.  'i\Z 

I  Harknesi,  Gcol.  Soc.  Joum.  vol.  xii.  p.  343. 

t  Quart.  Oeol.  Journ.  *ol.  x,  p.  iOS. 
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SILURIAN  CRUSTACEA. 


Trilobitet.* — But  the  most  extraordinary  feature  in  the- 
Cambro-SiluriaTi  fauna  is  the  abundance  and  variety  of  the 


/jMiu»d/rM  H.  ra.  utM-  i.BU.  sya. ' 

TrilobitcB, — a  peculiar  family  of  Crustaceans,  of  which  there 

are  no  living  representatives,  aud  which  is  restricted  to  the 

*  Trilobilei,  signifying  "  lluee-lobed,"  from  U>«  general  farm  of  the 

carapace  or  shell. 
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palseozoic  fonnationB,  tmd  almost  excluBivelj  to  the  most 
ancient  fosBiliferous  deposits ;  for,  while  the  Silurian  rocks 
teem  with  the  relics  of  hundreds  of  specioi,"  but  few,  com- 
paratively, occur  in  the  Devonian  and  Carboniferous. 

These  remarkable  crustaceans  had  the  body  protected  hy 
a  strong  dorsal  case  or  shell  composed  of  numerous  annular 
segments,  and  generally  divided  into  three  lobes  by  two  lon- 
gitudinal furrows  or  depressions.  The  head  and  the  tail 
are  each  covered  by  a  single  piece.  The  eyes  of  most  of  the 
genera  are  very  large  and  reticulated,  consisting  of  numer- 
ous distinct  lacets  or  lenses,  as  in  other  crustaceans,  and  are 
implanted  on  the  cephalic  buckler.  No  traces  of  pata,  feet, 
or  swimmers  have  been  detected,  and  it  is  therefore  sup- 
posed that  these  appendages  were  composed  of  a  soft  and 
perishable  substance-t 

One  of  the  most  common  species  of  Trilohite  is  the  Caly- 
mene  Blummbaehii,  commonly  known  as  the  "Dudley  fossil 
Insect"  or  "Locust,"  and  which  has  long  attracted  the 
attention  of  collectors  ;  J  this  crustacean  is  found  either  at- 
tached by  the  under  surface  to  the  rock,  as  in  Iii^.  192,  or 
coiled  up  like  an  Oniscus,  or  wood-louse. §  Some  kinds,  as 
the  Oalymene,  could  coil  themselves  into  a  ball  like  the 
wood-lice ;  while  others  had  the  central  segments  alone 
moveable.  The  Trilobites  vary  exceedingly  in  form  and 
magnitude ;  some  not  exceeding  a  few  lines,  while  others 
are  eighteen  or  twenty  inches  in  length. 


*  In  Bohemia  alone  252  species  bare  been  recognised  by  H.  Barrande. 
See  hie  richly  iUusCrated  work  on  the  Silurian  Basis  of  Bohemia. 

t  See  Mednia  of  Creation,  pp.  532— S42.  for  an  account  of  the  Trilo- 
bitea,  and  for  references  to  monographs  and  descriptions.  The  notices 
of  the  Trilobites  in  Sir  H.  Murcliiaon's  "Siluria"  moal,  howerer,  be 
carefully  conaulted,  aa  comprising  the  latest  and  most  complete  account 
of  the  distribution  of  this  Benns. 

{  This  Trilobita  was  figured  and  described  by  Lhwyd  in  1693. 

J  Medals  of  Creation,  p.  533  {Lign.  175,  fig.  A). 
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The  TrilobiUS  of  the  genera  Agnottm,  Cenoeep/talta,  Olmtu,  mi  Pa- 
radimdM  chuuterizellie  lowest  fuuiltferousKhists:  JSglina,  Amphion, 
AiapMu,  C^t»,  CypAoniteut,  Har}>tt,  JUzniu,  Ogj/gia,  ReoH^tiuTidtt, 
Trinticieut,  Ac.  belong  lo  the  Llondeilo  and  Caradoc  beds :  Acidatpii, 
Froetut,  &c.  have  mora  Upper  dun  Lower  Silurian  species.  Caiymene,' 
CAAmrui,  Cyphofu,  EnBrinumt,  Bomabinoliit,  Lichai,  Phacepi,  and 
other  geuBia  range  fram  tlie  lower  to  the  upper  part  of  tbe  aeriea. 

According  to  the  lale  reseaichea  of  Prof.  W.  B.  Bogera,t  tha  giganUo 
ParadoxidtM  Barlani  chantcterizes  (he  metamorphic  schiala  of  Brain- 
tree  (Eaatem  Hissachoaetta),  flanking  the  AUegbuiies,  ten  mitea  south 
of  Bosfm,  and  iodiotea  their  age  to  be  that  of  the  Lingub-flags  of 
Walet,  H.  Barrande'l  "  zone  primordiale  "  of  Bohemia,  and  the  Pol«- 
dsm-oaiulatoiie  and  Ihe  Dikelocephalus-saudslone  of  North  America. 

22.  Visual  Obqabb  of  tub  Tbilobiteb.  —  That  any 
tntcea  should  renuun  of  the  visual  organs  of  aninulB  which 
ezinted  at  so  remote  a  period  BeemB  at  first  incredible;  but 
there  are  no  limits  to  the  wonders  which  G-eology  unfolds  to 


The  eyes  of  the  TrilobitAS  resembled  in  itructure  those  of  cr . 

and  insects,  which  are  oomposed  of  a  vast  number  of  elongated  cones, 
each  having  ■  crjslalline  Una,  papil,  and  cornea,  and  termioating  on  the 
extremity  of  the  optic  nenre.  Each  organ  of  sight  is,  therefore,  a  com- 
pound instramrait,  made  up  of  a  seiiea  of  optical  tabaa,  or  telescopes,  the 
number  of  which  in  some  insects  is  quite  marrellous.    Thus,  each  e^e 

*  Calftaeiit  BUoMiiiaeikii  occurs  both  in  the  Caradoc  or  Bala  beds  of 
Snowdon  and  in  the  Wenlock  limestone. 

t  Boston  Mat.  Hiat.  Soc  Pioceed.  vol.  vi.  pp.  27  and  40.  See  also 
Aid.  p.  140,  for  Prof.  H.  W.  Rogets's  remarks  on  the  ctassiflcalion  of  the 
Uelamorphic  rocka  of  the  Atlantic  slope  of  the  Uiddlc  and  Sonlhem 
Slate*. 

i  The  atmctuie  of  (he  eye  of  tha  Tiilobite  was,  I  believe,  first  noticed 
by  that  Bccunite  observer,  Mr.  Martin,  the  author  of  "  Petrif.  Derbi- 
ensiaj"  itisillostnledinthe"HisloirelfaturelledaCrustacasPaBailes," 
par  A.  Brongniart  el  G.  A.  Deamaretl,  Buckland's  "  Bridg.  Treat.,"  the 
"  Decadtf  of  the  Geol.  Survey,"  Barrande's"SyBt.  Silur.  Boh^me,"  vol.  i. 
(Ttilobitas),  and  in  Bnrmeisler's  "  Organiz.  Tiilob."  The  cornea  in  the 
Trilobites  is  said  by  Burmeiiler  to  have  an  eztamal  smooth  integument, 
which  cniei*  over  the  ikceti  of  the  aggregalioa  oriouea  of  which  the 
eye  conaitta,  as  in  the  Branchipua. 
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of  the  common  hoiue-fl;  ii  compoied  of  e^ht  thanauid  dUtinct  vitiul 
tnbn ;  that  of  the  drvgoq-fly,  of  neiirtjr  Ibirtaen  thonsud ;  and  of  a 
miernj,  of  WTenteen  thoiUBntt.  The  Trilobile,  like  the  Limuliu,  was 
fUrniahed  vith  two  rompoond  eyet,  each  being  the  fnutnim  of  a  cone, 
but  incomplete  on  tlial  lide  which  ii  oppoeite  to  the  other.  In  Pfvaopt 
upwards  of  200  lensa  haxe  been  delactad  in  each  eye ;  but  in  general 
the  lenue  have  fallen  out,  ai  often  happens  after  death  in  the  eyes  of  the 
common  lobater.  The  eyea  of  .^Ima  are  very  large,  and  each  eye  con- 
tains more  than  ISOO  faceta;  but  the  eye  a(  Bronttt  palifer  presents 
more  thui  30,000  facets  (Barrande).  Thus,  obKrres  Dr.  Buckland,  we 
find  in  the  Crilobites  oF  these  early  rocks  the  same  modiScations  of  the 
organ  of  sight  as  in  the  liring  crustaceans.  The  nune  kind  of  instru- 
ment was  also  employed  in  the  intermediate  periods  of  our  geological 
history,  when  the  secondary  strals  were  deposited  at  the  bottom  of  a 
sea  inhabited  by  Linmli,  in  thoaa  regions  of  Europe  which  now  form  the 
elevated  plains  of  central  Germany.  But  these  results  are  not  confined 
to  physiology:  they  prove  also  tho  ancient  condition  of  the  seas  and  at- 
mosphere, and  the  relation  of  both  these  media  to  light.  For  in  thoM 
remote  periods  the  marine  animals  were  fuTniahed  with  instmmenti  of 
vision  in  which  the  minute  optical  adaptalions  were  the  same  aa  those 
which  now  impart  the  preception  of  light  to  the  living  cnistaeett.  The 
mutual  relations  of  light  to  the  eye,  and  of  the  eye  to  light,  were,  there- 
fore, the  same  at  Ihe  time  when  crustaceans  first  existed  in  the  bottom  of 
the  Silurian  seas  as  at  the  present  moment.* 

23.  SiLUKiAK  FiaHES. — Of  the  Tertebrate  aniniailB,  the 
relics  of  a  few  speciee  of  BcnaJl  placoid  fiehee,  and  a  few  others 
of  the  gsDoid  group  and  cephalaspid  family,'!'  found  in  the 
Tipper  Ludlow  rocks,  are  the  only  veatiges  hitherto  obtained 
from  the  immense  series  of  strata  composing  the  Siluriui 
aystem  (ofMurchisoa), — the  Silurian  and  Cambrian  eeriea  of 
Sedgwick. 

From  the  presence  of  Cephalatpis  (afterwards  so  plentiful 
in  the  Old  Bed  Sandstone)  amongst  these  IchthyoUtes,  and 

*  BridgewaterTreatise,  pp.  398— 404,  where  the  subject  is  ably  eluci- 
dated, and  placed  before  the  reader  in  a  striking  point  of  view. 

t  See  Table,  p.  802.  For  the  latest  information  respecting  SilniUn 
fish-remains,  see  Quart.  Geol.  Joum.  vol.  ix.  pp.  12  and  lb;  aid.  vol. 
xiii.  pp.  2S2  and  29U  i  and  "  Silaria." 
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their  MBociation  with  Fterygotut,  which  bIbo  becomes  abund- 
antly developed  in  the  Forfarshire  shales,  the  uppermost 
Ludlow  rocks  of  Eritain  erideutly  mark  the  tmnsition  &om 
the  Silurian  to  the  Devonian  epoch :  that  is,  these  beds 
were  beiug  deposited  during  the  period  (probably  of  great 
duration)  when,  coincidently  with  some  important  rearrange- 
ment in  the  distributiou  of  land  and  sea,  the  precursors  of 
new  tribes  of  animals  advanced  upon  the  shallowing  area  of 
the  old  sea-bed,  before  the  existence  of  the  ancient  forms  of 
life  was  terminated. 

Most  of  the  ichthyolites  occur  in  two  thin  brownish  bands, 
called  "the  Ludlow  Bone-beds  ;  "  the  lower  one  of  which, 
though  only  a  few  inches  thick,  has  been  traced  for  more 
than  forty  miles.  It  consists  mainly  of  animal  detritus, 
namely,  the  bones,  teeth,  scales  or  shagreen,  flu-bones,  and  co- 
prolitea  of  small  fishes.  This  deposit  resembtea  the  bone- 
bed  *  at  the  base  of  the  Lias. 

24.  Stsdctcbe  of  Slate-bocks. — Many  of  the  older  pa- 
Iceozoic  rocks  of  Britain,  America,  and  elsewhere  have  been 
not  only  hardened  by  chemical  and  mechauical  agencies,  but 
converted  into  shivery  or  schistose  rocks,  traversed  by  nu- 
merous joints  ;  and  sometimes  they  are  separable  into  thin 
regular  plates  or  slates.  These  changes  have  taken  place, 
also,  in  some  of  the  Devonian  and  Carboniferous  rocks ;  and, 
in  the  Alps  and  other  places,  even  the  Cretaceous  and  Ter- 
tiary rocks  have  been  similarly  altered. 

SchisU  and  sliUs  almost  uniTeraally  occur  on  the  fluika  of  moontain- 
masses,  riaiug  up  into  lofty  peaks,  and  dipping  beneath  the  newer  sedi- 
mentary depoaila:  thus  Skiddav,  Sea-rsl],  Conis ton-fell,  and  Saddleback 
in  Cumberlaod,  peaks  3000  feet  high,  are  achlaloae  and  slaty  rocki 
thrown  up  b;  a  cenlr*!  mass  of  granite. 

•  Sea  p.  52i.  This  laller  bone-bed,  haTing  much  the  same  relation  to 
the  Ttias  aa  the  Lndlcnr  bone-beds  have  to  the  Silurian,  has  been  traced 
for  upwards  bt  forty  miles  in  the  West  of  England,  besides  having 
been  recognised  orer  a  wide  area  in  Germany. 
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SAaltt  ue  either  hard  or  toR  argilUueou  tocki,  euilj  ipUtting  dons 
the  pluuu  of  bedding  or  of  «edimentarp  depoBiiion ;  SehUlt  are  h>id 
rock*,  of  Brgllliic«ouB  or  silidous  composilion,  which  tie  laminated  and 
■hirer;  chiefly  along  tha  planea  of  bedding  ;  in  Slatei,  on  iha  contwry, 
the  laminated  structuieia  due  to  diTiaionil  liaes,  called  places  of  el«t>^e, 
which  traarte  the  plinea  of  bedding,  in  what  were  oricinall;  atrata  of 
Gi;e  orgillaceoua  tediment. 


It  ta  often  difficult  to  define  achiitoae  and  elat;  rocka ;  and  there  are 
also  locfci  diatinguiahed  from  oidier  by  tlieii  lines  of  diviiion  (often  set 
widely  apart)  being  termed  planes  of  Joliatum,  luch  as  are  seen  in 
must  of  Ihe  gneiaaose  rocks.    The  fineness  of  grain,  general  aspect,  hard- 
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neoi,  uid  texture  of  tnu  llote*  (roaOng'iUte)  >ra  too  well  known,  from 
the  nnirerul  employment  of  sl&te  for  ecooomictl  purpoM*,  to  require 
puticulu  descriptioD.  The  colonr  unuUj  spprokchee  to  blue,  grey, 
green,  and  a  doll  puiple;  and  the  texture  i»  rerj  fine,  although  occa- 
tianall;  Uie  ilate  panes  into  landHoae  and  grejiwaclce ;  for,  ai  clay-bedj , 
wndetonea,  and  conglomemle*  lucceed,  or  aJtenute  wilb,  each  other  in 
later  formaliona,  ao  clay-alate  occuionally  passe*  inio  Torietie*  of  grej- 
wacke,  which  are  indurated  aand;  and  grittj  strata,  often  containing 
fragments  of  Blill  aldei  slates  and  ci^Btalline  rocks,  and,  from  the  nature 
of  their  compoeition,  not  susceptible  of  the  infinite  and  regular  cleavage 
that  the  day-rock  has  ondergooe. 

In  some  insMnraw,  llie  lines  of  cleafsge  ue  in  the  aune  plane  as  those 
of  the  strata,  as  in  the  section  [Lign.  196)  ;  but  commonly  the  clesTsge 
is  in  a  different  direction  to  the  stratification,  the  respective  lines  croBaiag 
eadi  other  at  various  angles.  In  the  qnartiose  grit  and  sandstone  of 
Llandovery  [Lign.  197,^.  1),  and  in  the  slate-rocks  at  Whitesand  Bay 
in  Pembrokeshire  {Jig.  2),  the  discrepancy  batween  the  lines  of  deposi- 
tioQ  and  of  clearsge  is  strongly  marked. 

Tills  peculiar  lamiDated  slruclore  is  common  to  many  rocks  which  are 
proved,  bj  their  contained  fossils,  to  be  of  sedimentary  origin.  The  direc- 
tion of  the  lamina)  or  cleavage -planes,  with  leepect  lo  the  straiiflcation 
of  a  given  rock,  diffen  eiceedingly  in  different  places  ;  these  being  ofl- 
entimea  at  tight  angles  to  each  other  (itt  Lign.  197,  Jig.  2).  Hence  it 
follows  that  this  remarkable  structure  must  be  wholly  independent  of  de- 
position. Prof.  Sedgwick  has  regarded  It  as  being  dae  to  a  kind  of  dull 
crystalline  action  on  an  enormous  scale.  Prof.  Phillips  and  Ur.  D.  Shatpe 
have  shown  that,  chiefly  &om  the  changes  of  form  that  (bssiU  hare  un- 
dergone in  some  cleaved  rocks,  mechanical  force,  spplied  laterally, 
•nd  connected  probably  with  the  nptift  of  momitain-masses,  hss  had 
much  Id  do  with  the  origin  of  cleavage,  in  conjunction  perhaps  with  the 
crystalline  action  luggealed  by  Sedgwick.  And  lastly,  Sorby  has  demon* 
sliBted  that  the  intimate  parLiclea  of  clay-slale  and  other  slaty  rocks 
have  been  absolutely  ihifted,  by  mechanical  force,  from  theii  original 
positions,  in  which  they  were  deposited  as  sediment,  into  new  positions 
in  which  they  are  set  parallel  to  each  other,  and  arranged  in  lines  and 
laminse,  giving  rise  lo  innumerable  lines  or  planes  of  relative  weak- 
ness in  the  rocky  mass,  along  which  it  may  be  easily  split  (  the  old 
lines  of  bedding  being  iDore  or  less  completely  obliterated  by  the  change 
of  structure.  The  foUaiion  of  the  gneissic  roclca  is  partly  due  to  a 
similar  cause  j  and  partly,  it  appears,  to  those  chemical  allerations,  on 
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25.  Betixw  or  the  Lowbb  Pax.xozoio  Sebieb. — la 
CDUcluBion,  I  will  briefly  re<new  the  leading  phen<aneim  which 
bare  been  Inxnight  under  our  aotioe  in  the  course  of  tbia 
Lectiire. 

The  strata  compriaed  in  the  Silurian  or  Cambro-Silvirian 
Beriea  present  all  the  usual  characters  of  marine  sedimentary 
deposits.  The  fossils  comprise  traces  of  marine  worms 
throughout  the  series,  many  corals,  chiefly  in  the  upper 
limestones,  numerous  crinoids,  immense  numbers  of  extinct 
forms  of  the  lower  crustacean  tribes,  and  of  hrnchiopodoua 
Kollusca,  with  many  of  the  lamelli-branchiate,  gasteropodoua, 
pteropodouB,  and  cephalopodoua  families.  The  fiahee  come 
in  late  in  the  series,  together  with  scanty  relics  of  terrestri- 
al plants.  The  marine  vegetation  of  the  praiod  is  indicated 
only  by  obscure  fucoidal  markings,  and  possibly  by  the  oc- 
casional anthracitic  and  bituminous  bands  of  the  lower  rocks. 
These  organic  remains  belong,  for  the  most  part,  to  peculiar 
generic  types,  mostly  ranging  throughout  the  fossiliferous 
Gambro-Silurisn  strata,  aud  some  extend  into  the  upper  pa- 
liBozoic  fonnatiuns,  but  none  occur  in  ttie  secondary  deposita. 

In  fine,  the  lover  polffozoie  rocks  (Uie,"SilactBn  and  Cambrun,"  of 
Sedgwick,  at  "  Upper  Silurian,  Loiver  Silurian,  and  BoUom-roclcB,"  of 
HuTchiiDn)  have  leautted  from  murine  depOBiCiona.  going  on  Uuoi^  iin- 
msnae  periods  of  time,  in  aeia  swarming  with  toophytea,  crinoida,  cthbIb- 

"  Tha  papers  by  Sedgwick  and  D.  Sbarpe,  on  Clesvage,  are  to  be 
found  in  the  Geol<%.  Transact,  and  Joum. ;  Mi.  Soibj'a  papers  in  the  Phil- 
Mag,  and  Edinh.  N.  Phil.  Journ.  TEieir  researchei,  together  with  those 
of  Darwin,  Hopkins,  Tyndall,  Kogera,  Haughlon,  and  others,  are  admir- 
abl;  collected  and  illuatrated  by  Prof.  Phillips,  in  his  "  Report  on  CleaT- 
age,"  to  the  Meeting  of  the  British  Assoc.  1857.  See  also  Sir  R.  Mur- 
chison's  concise  i4sum£  of  the  &cta  and  hypotheses  relating  lo  the 
inteiesting  subject  of  Cleavage,  in  "  Siluria,"  2Dd  edit,  chapter  2.  For 
some  remarks  on  Hetomotphism  of  Rocl^s,  see  fiulher  on,  Lect.  viii. 


DgilizeclbvCoOglC 


)  31.  RBtriEW  OP  THE  LOWBK  PALEOZOIC  SERIES.  887 

ceans.  and  molliuca,  md  ullimateljr  with  fiihei.  Much  of  the  lovet 
portion  of  this  great  leilimentary  series  has  been  subjected,  toaee  its  ori- 
ginal  deposition,  to  metamorphic  influences,  bj  which  the  sedimentary 
characters  have  been  either  greatly  modified  or  entirely  obliterated  ;  atill 
some  of  the  "  bottcm-beds  "  (Longmynd)  are  btod  less  altered  than  great 
portions  of  the  succeeding  groups  of  Llandeilo  and  Caradoc. 

Some  eminent  geologists  are  of  opinion,  that  there  is  a  line  in  the  de- 
scending Beriaa  of  strata, where  organic  remains  entirely  disappear;  and  that 
this  line  is  by  no  meaoa  coordinate  with  mineral  changes  induced  by  igneous 
action.  As  regards  the  absence  of  fossils  m  the  porphyriferous  schists 
of  Llandeilo  age,  it  may  be  in  part  attributabLe  to  the  obliteration  of  ail 
TestigES  of  organic  remains,  in  consequence  of  the  high  temperature  to 
which  they  haxe  been  exposed ;  or  animals  may  not  haxe  been  capable 
of  living  in  an  ocean  subjected  to  continual  incuraions  of  igneous  matter. 

But  the  boltom-tocks  are  sometimea  not  so  much  altered  but  thst  fos- 
sils might  be  detected  in  them,  if  present  j  and  this,  te  some  extent,  has 
been  put  to  the  proof,  at  Bray  Head  and  the  Longmynd,  by  Dr.  Kinahan 
and  Mr.  Salter,*  who  hare  thos  extended  our  knowledge  of  primeTst 
animated  nature  Into  periods  once  thought  to  be  "  azoic"  What  further 
glimpses  into  the  natural  history  of  the  primordial  regions  we  shall  ob- 
tain, the  persevering  and  active  researches  of  intelligent  collectors  will 
tlona  show. 

With  the  OUhamia  of  Ireland,  the  Faiaapygt  of  the  Longmynd,  and 
theii  associated  ATtnicolitti,  we  lose  at  present  all  positive  evidence  of 
the  presence  of  organic  being*  aa  the  surface  of  the  primordial  earlh ; 
bat  it  would  be  rash  to  assume  that  these  most  ancient  fossils  are  the 
relics  of  the  earhest  living  things  that  tenanted  our  pUmel.  Well  has 
Sir  C.  Lyell  remarked,  that  "  it  is  too  commou  a  fallacy  to  fix  the  era  of 
the  Gist  creation  of  each  tnbe  of  plants  or  animals,  and  oven  of  animate 
beings  in  general,  at  the  precise  point  where  our  present  retiocpective 
knowledge  happens  to  atop."  t 

•  See  above,  p.  808. 
t  See  also  "  Travels  in  North  America,"  vol.  ii.  p.  128,  4c. 
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tt  BalriHpecI.  43.  Snueulm  DhaDgn  In  Ui«  Orgvilc  KIngdon 
cflCcd  of  DyDimlcAl  and  (ThemlcAl  Actli 


1.  luTBODrCTOBT. — We  have  now  passed  the  boundary 
which  Beparat^B  the  animate  &om  the  inanimate  world,  and 
have  entered  those  regiona  of  geological  research  in  which 
all  traces  of  organized  beings  are  absent,  and  various  modifi- 
cations of  mineral  eubstances  are  the  only  objects  that  meet 
our  view.  The  rocks  no  longer  exhibit  those  organic 
characters  by  which  we  were  enabled  to  decipher  the 
natural  records  of  the  past,  entombed  in  the  fossiliferous 
strata ;  but  they  are  inscribed  with  hieroglyphics  whose 
meaning  is  often  obscure  and  frequently  iinintelljgible,  and 
many  of  which  admit  of  a  double  interpretation. 

The  mechanical  effects  of  water  as  a  fluid,  everywhere  oo 
manifest  in  the  sedimentary  formations,  are  no  longer  appa- 
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rent ;  but  the  powerfiil  agency  of  the  same  aubatance  in  the 
several  conditions  produced  by  high  temperature— aa  vapour, 
ateam,  and  gas  * — ia  oniTeraally  exhibited  in  the  upheaved 
mountain-chains,  the  protruded  igneous  matter,  the  rent  and 
dialocated  rocks,  and  the  rugged  peaks  and  precipitous  glens, 
which  are  the  characteristic  features  of  the  physical  geogra- 
phy of  scbistose  and  granitic  regions. 

In  the  phenomena  attendant  on  the  earthquakes  and  vol- 
canoB  of  modem  times,  we  have  proofs  of  the  continued, 
energy  of  those  physical  forces  which  produced  the  results 
that  win  form  the  principal  subjects  of  this  diacourae.  The 
nature  and  effect  of  volcanic  action  (to  which  we  have  pre- 
vioualy  and  incidentally  alluded)  now,  therefore,  demand  our 
especial  consideration,  in  order  that  we  may  comprehend  the 
origin  and  formation  of  the  metamorphic  and  plutonic  rocks ; 
or  in  other  words,  of  thoae  mineral  masses  which  have  ac- 
quired a  crystalline  structure  from  eipceure  to  the  influence 
of  intense  heat  under  great  presBure,  and  have  been  elevated 
into  their  present  position  by  subterraneous  movements.  I 
propose,  in  the  first  place,  to  consider  the  nature  and  effects 
of  igneous  action  as  exhibited  in  existing  volconoB ;  secondly, 
to  describe  the  hypogene  or  plutonic  rocks,  and  the  changes 
produced  in  contiguous  mineral  masses  by  their  influence ; 
and,  lastly,  to  offer  a  few  general  remarks  on  some  of  the 
most  important  subjects  that  have  engaged  our  attention, 

2.    NiTDBi  or  ToLOAino  Aotioh.')'  —  Volcanic  action 

"  The  beautiAil  exfet'imentt  of  Mr.  GroVB  provB  that  watar  msj  be 
reduced  to  its  eleineiilarjr  componnds — oxygen  and  hydrogen — byinteoae 
heat  alone.    See  Phiios.  Thidb.  1846. 

t  Daubeny,  Darwin,  Scrape,  and  Lyelt  are  chief  among  the  Engliah 
geologiels  who  have  made  the  causea  and  efiecls  of  valcsnos  a  special 
sludy.  The  TranBaclianB  aod  Jounia]  of  the  Geological  Society  are  en- 
riched with  lereral  of  their  Memnira  ;  and  the  apecial  woThs  of  Scrape 
and  Daubeny  on  Volcanoe  ought  lobe  In  thehanik  uf  the  student.  In  the 
appendix  to  the  second  edition  of  Dr.  Danbeny'a  cumprehenBive  and  in- 
Tulnable  "  Description  of  active  and  extinct  Volcanoi,  of  Earthquakes, 
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is  referred  by  Humboldt  to  the  influence  exerted  by  the 
internal  heat  of  our  pUnet  on  ite  external  Burface  ;  by  whicli 
concuBsious  of  the  land,  or  earthquakes,  and  the  expansicoi 
or  elevation,  and  the  aufaflidence  or  contraction,  of  large 
portions  of  the  solid  crust  of  the  earth  have  been  produced. 
The  number  of  esisting  Tolcanos  is  estioiated  at  about  200, 
of  which  IIG  are  eituated  in  America  or  its  islands. 

In  the  previous  discoursee,  many  of  the  effects  of  igneous 
agency  came  under  our  notii:e,*  namely,  the  Bubsidence  and 
elevation  of  the  Temple  of  Serapia  (p.  106),  the  gradual  rise 
of  Scandinavia  (p.  116),  the  upheaving  of  the  sea-coast  of 
Chili  (p.  112),  and  other  mutations  of  a  like  nature.  As  we 
■ucceesively  examined  the  tertiary,  secondary,  and  paheozoic 
or  primary  fonnations,  proo&  that  similar  phenomena  had 
ti^en  place  during  every  geological  epoch  were  equally 
manifest ;  the  geographical  distribution  of  the  foci  of  Toi- 
eanic  action  was  found  to  have  varied,  but  throughout  the 
cycle  of  physical  changee  contemplated  by  Geology,  the  vol- 
cano and  the  CArthquake  appear  to  have  been  in  ceaeelesa 
activity. 

•nd  of  Themial  Springs,  Ac,"  will  be  fonnd  a  full  and  classifled  list  of 
Brillsta  and  foreign  works  on  ihe  sama  aulyects  previous  to  1B48.  The 
first  Tolnme  of  Humboldt's  iaiinitable  "  Cdsidob  "  hits  a  section  deroted 
10  the  subject  of  Volcanic  pbcnomena,  and  supplies  many  references  to 
Von  Buch,  Arago,  Biscliof,  Pi^voat,  Gay  Lussac,  and  other  continenta.! 
authors.  Abich,  Derille,  do  Beaumoat.  Dolomieu,  and  Scacchi  ate 
Other  European  geologists  who  hare  writlen  Tsluabla  treatises  on  Volca- 
nos ;  and  Dana  beads  the  list  of  American  lolcani^ts.  EBrthquakes  and 
their  associated  phenomena  hare  necessarily  been  treated  of  by  msnjr  of 
the  aboTe-named  geologists ;  but  M.  A.  Perrey,  of  DijoD,  and  Mr.  Mallet, 
of  Dublin,  have  especially  taken  up  the  subject,  io  some  of  its  aspects ; 
(he  results  of  the  reseoiches  of  the  latter  will  be  seen  in  the  Bepoita  of 
the  British  Association ;  the  publications  of  M.  Perrey  may  be  found  in 
the  Memoirs  of  the  ScientiSc  Societies  of  Parif,  Lyons,  Brussels,  &c.  The 
student  is  psrticulaily  recommended  to  read  the  chapters  on  Volcanic 
Rocks  and  Action,  in  Lyell's  "  Manual  of  Geology,"  5th  edition. 

■  A  concise  view  of  the  effects  of  high  (emperatoie  and  of  volcanic 
.action  on  Ihe  earth's  cnut  was  given  in  the  Srst  Lecture,  vol.  i.  p.  1(J3. 
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The  immediate  cause  of  volcanic  action  has  been  referred 
by  some  to  the  operation  of  heatprodueed  bg  ekemical  agaaey, 
auch  as  the  combuetion  of  BulphureouB  or  carbonaceoua  Bub- 
Btancee,  or  the  combination  of  oxygen  with  the  metallic 
bases  of  certain  alkalies  and  earths ;  whilst  others  refer  vol- 
canic action  to  the  actual  exittonce  of  a  very  high  temperature, 
with  incandescent  and  molten  mineral  matter,  beneath  the 
crust  of  the  earth  *  The  following  are  the  evidences  of  the 
existence  of  the  central  heat.  If  the  globe  consisted  of  a 
solid  rock,  such  as  granite,  it  is  calculated  that  its  specific 
graviiy  would  be  greater  than  what  astronomers  find  it  to 
be ;  acd  it  is  therefore  assumed,  that  the  eipansive  power  of 
beat  must  be  present  to  resist  the  compression  aristog  from 
gravitation  to  the  centre.  A  constantly  increasing  tempera- 
ture of  the  interior,  according  to  the  distance  beneath  the 
surface  of  the  earth,  is  found  to  exist,  from  observations  in 
miaes  and  on  the  waters  of  deep  wells.  The  heat  of  many 
mineral  springs,  the  outbursts  of  the  volcanic  rocks  tbem- 
aelves,  and  the  alterations  which  deep-seated  strata  have 
suffered  apparently  from  the  action  of  beat,  are  also  regarded 
as  direct  evidences  of  a  greatly  heated  condition  of  the  earth's 
Ulterior. 

This  high  tomperatum  of  the  interior,  whatever  may  be 
its  origin,  is  tbe  germ  not  only  of  earthquakes,  which  are 
the  purely  dynamical  efiects  of  volcanic  action,  but  also  of 
the  gradual  elevation  of  continents,  and  of  chains  of  moun- 
tains from  extended  fissures ;  giving  rise  te  eruptions  of 
lava,  mud,  boiling  water,  Sk., — to  thermal  mineral  springs,and 
exhalations  of  steam,  carbonio-acid  gas,  sulphurous  vapours, 
Ac., — and  the  production  of  various  rooks  and  minerals. 
In  tbe  earlier  ages  of  tbe  globe  the  phenomena  appear  to 
have  been  of  greater  extent  and  in  a  higher  degree  of  inten 
aity  than  in  modem  times. 

3.  Eakthquakxb. — Tbe  tremblings  or  vibrations  of  the 
•  See  p.  34  ;  Coamoi,  vol.  i.  p.  152 


■..iit,,CoogIc 


V*^  THE  TOHDSSS  07  OlOLOaT.  iMIT.  VUL 

Bolid  crust  of  the  globe,  denominated  EBithquakea,  are  ver 
tical,  horizontal,  OF  gyratory  oBciltatione  of  the  land  rapidly 
succeeding  each  other;  and  are  caused  by  the  expansive 
efibrts  of  elastic  fluids  confined  in  subternuieous  cavitim. 
The  craters  of  volcanos  are  the  rents  through  vhich  the  im- 
prisoned gases  and  vapours,  and  the  incandescent  mineral 
matter,  force  their  way  to  the  sur&ce ;  they  are,  is  fact,  the 
safe^-valres  of  the  vast  reserroirs  of  gaseous  elements  which 
are  contained  in  the  profound  depths  of  the  earth.  Hence, 
if  the  action  of  a  volcano  be  impeded,  earthquakes  are  com- 
monly induced,  and  the  equilibrium  of  the  land  is  not 
restored  until  the  crater  resumes  its  activity,  or  the  impri- 
soned gases  escape  through  other  channels.*  A  column  of 
smoke  which  was  seen  for  some  mouthg  to  rise  &om  the  vol- 
cano of  Fasto  in  South  America  suddenly  disappeared,  when, 
on  the  4th  of  Pebniary,  1797,  the  province  of  Quito,  192 
miles  to  the  southward,  was  visited  by  the  great  earthquake 
of  Biobamba.t 

The  focus  of  volcanic  action  must  be  at  an  immense  dis- 
tance from  the  earth's  surface,  though  no  rational  conjecture 
can  be  formed  either  of  its  depth  or  of  the  chemical  nature 
of  the  comprassed  fluids:  but  the  vast  areas  over  which  tho 
undulations  sometimes  extend  are  proofs  of  the  tremendooa 
power  of  these  subterranean  forces. 

4.  EABTH4UAEX  OT  LiBBoiT. — The  earthquake  of  Lishoo, 
in  1775,  which  suddenly  destroyed  60,000  persons,  was  the 
most  extensively  felt  of  any  on  record.  Its  efiects  were 
perceived  over  the  whole  of  Europe,  the  North  of  Africa, 
^d  in  the  West  Indies :  and  it  is  computed  that  a  portion 
of  the  earth's  surface  four  times  the  extent  of  Europe  wag 
simultaneously  afiected.  The  enormous  undulations  of  the 
sea'  by  which  it  was  followed,  and  that  swept  along  the 

•  The  explosion  of  a.  stMin-boiler  from  Ihe  closure  of  lie  aafety  valvs 
ie  a  familiar  example  of  ihis  phenomeDon. 
t  Humboldl'i  Coeinos,  vol.  L  p.  211. 
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coasts  of  Spaia,  Portogal,  and  A&ica,  are  supposed  to  bave 
uisen  from  the  sudden  upheaval  of  subsidence  of  a  vast  area 
of  the  bed  of  the  Atlantic  Ocean,  beneath  which  the  prin- 
cipal focus  of  the  subterranean  disturbance  appeared  to  be 
situated.  The  effects  of  this  earthquake  were  felt  in  mmy 
parts  of  England,  Scotluid,  imd  Ireland,  and  even  as  fiur  as 
Norway :  the  waves  occasioned  by  the  concussion  reached 
our  southern  shores  ;  and  the  waters  of  Loch  Ness,  and  of 
other  inland  lakes  (at  Salsungen,  for  instftnce),  were  simul- 
taneouslf  agitated.  Even  the  thermal  springs  of  countries 
remote  from  the  catastrophe  were  affected ;  those  at  Top- 
litz  in  Bohemia,  which  for  centuries  had  flowed  in  a  pure 
and  equal  stream,  suddenly  ceased,  and  then  burst  fori)h  in 
a  flood  of  turbid  water  of  a  very  high  temperature. 

Humboldt  remarks,  that  it  is  probable  that  the  earth's 
surface  is  always  disturbed  at  some  one  point,  and  that  it  is 
incessantly  affected  by  the  reaction  of  the  interior  against 
the  exterior.  The  permanent  elevation  of  extensive  tracts  by 
earthquakes  sometimes  take  place  ;  as  on  the  coast  of  Child, 
in  1822  (p.  112),  and  in  New  Zealand,  1855  ;  and  tbey  are 
often  accompanied  with  eruptions  of  mud,  steam,  hot  water, 
carbonic  acid  gas,  and  other  elastic  fluids 

The  present  grand  European  centre  of  volcanic  action  is 
in  Southern  Italy,  which  has  for  ages  been  in  a  state  of 
energy ;  Etna,  Vesuvius,  and  the  Lipari  Isles  being  the  vents 
through  which  the  incandescent  materials  have  escaped. 

S.  The  FHLsaBXAir  Fields  axd  Lipabi  Isi,e8. — The 
volcanic  region  of  Naples  consists  of  a  linear  group  of  cones, 
ranging  N.E.  and  S.W.,  and  terminating  at  its  extremities 
by  the  two  principal  mountains,  Ischia  and  Yesuvius ;  the 
latter  seems  to  be  connected  by  the  intervention  of  minor 
vents  with  the  group  of  Albano  and  of  Some ;  the  seven 
hills  of  the  Eternal  City  being  for  the  most  part  volcanic 
mounds.* 

*  Mr.  G,  Poulett  Scropu,  Geol.  Tram.  Snd  wr.  toI.  ii.  p.  337.   la  tha 


.,  Google 


8M  THE  WOSDBE8  OF  OEOLOOT.  Licr.  TIH. 

The  district  of  Puiiucli  and  Cudik,  on  the  Bayi  of  BaUe  and  Naples, 
n  nUed  the  Fhtegisaui  Fielde,  and  ia  it  are  liluated  MoDte  Muoio, 
MoQie  Bariiaro,  (he  Salfataia,  and  the  Temple  of  Sempts.  This  tract 
pieaenta  ■  lerjea  of  cones  uid  crateciTorm  baams  )  some  of  which  contain 
laitea,  aa  thorn  of  Avemus  and  the  Lucrine.  These  volcanic  mounds  are 
formed  of  felspathic  tula,  occaaioaallj  containing  marine  shells  and  car- 
bonized wood,  and  ue  coiered  bj  beds  of  loose  tu&ceoua  conglomerate. 
Tbey  are  supposed  by  Mr.  Scrope  to  ksTe  been  produced  by  numeroni 
submarine  eruptions,  each  from  a  freab  focus,  on  a  shallow  shore.* 

The  volcanic  cone  termed  the  Solfatau,  go  veil  known  from  its  in- 
cessant emission  of  tonenis  of  aqaeoua  and  sulphuroua  vapour,  throng 
superficial  fissures,  is  recorded  as  having  been  in  a  state  of  activity  in  th» 
year  i.d.  1180.  Mr.  Scrope  supposes  the  preeent  cratei  to  have  been 
formed  at  that  period ;  and  he  attributes  the  constant  emanations  of 
sulphuretted  hydrogen  to  the  efiecC  of  a  mass  of  lava  still  existing  be- 
neath at  an  intense  temperature-  The  chemical  changes  effected  by  the 
immediate  conversion  of  tins  gas  into  sulphuric  acid,  from  combinatioa 
with  the  oxygen  of  the  atmospbere,  and  the  subsequent  action  of  the  acid 
on  the  tufas,  trachytes,  &c.,  giving  rise  to  sulphates  of  alumina,  iron, 
lime,  magnesia,  aoda,  &c.,  while  the  silex  is  lell  nearly  pure  in  the  stata 
of  a  white  earthy  powder,  are  in  the  highest  degree  interesting.f 

The  earthquakes  of  1538,  which  were  followed  by  an  eruption  of  mud, 
pumice-stone,  and  ashes  that  burst  forth  from  a  gulf  near  the  town  of 
Tripergolo,  and  formed  the  volcanic  mound  called  Monte  Nuovo,  and  by 
the  pennaaeiit  elevation  of  the  coast  to  beyond  Puzmoli,  were  mentioned 
in  a  former  Lecture  (p.  108). t 

Quart.  Joum.  Geot.  Soc  vol.  vi.  p.  281,  &c.,  is  a  most  interesting  paper 
by  Sir  R.  Murchison, "  On  the  Eariier  Volcanic  Rocks  of  the  Papal  Stales," 
referring  to  the  labours  of  Italian  geologists,  and  especially  treatuig  of  tlie 
tracts  north  of  Rome, — the  travertines,  past  and  present, — the  volpanlo 
rocks  of  LatJum, — and  lastly,  the  probably  subaqueous  origin  of  these 
volcanic  ejectamenta  and  craters,  and  their  elucidation  of  some  points  in 
the  history  of  "craters  of  elevation." 

•  Scrope  on  Volcanos,  p.  179. 

t  Geol.  Trans.  2nd  ser.  vol.  iL  p.  345.  See  also  above,  vol.  L  p.  76, 
and  Sir  H.  Davy's  remarks  on  the  Lake  of  the  Soifatoia,  Appendix  U> 
vol.  i.  p.  463. 

X  A  letter  on  the  formation  of  Monte  Nuovo,  by  an  eye-witness,  is  still 
extant:  a  translation  of  it,  by  Mr.  Leonard  Homer,  is  published  in  the 
Quarterly  Journal  of  the  Geological  Sodely  of  London,  vol  iii.  part  3, 
Miscell.,p.  19. 
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Tbe  Lipui  Isles,  betTesa  Naples  and  Sicily,  \ymg,  aa  it  were,  mid- 
way between  Vwutjqs  and  Etna,  present  a  character  rery  analogoua  to 
tbe  diatrict  abore  deBcribed.  Tbe  ciatei  of  one  of  the  islands,  Strom- 
boli,  baa  been  in  conBlant  aclinty  from  tbe  earliest  historical  period. 
It  always  contains  melted  lara  in  canstaot  motion,  and  at  uncertain  in- 
terrali  tbe  molten  mass  suddenly  rises,  and  large  bubbles  appear,  which, 
upon  reaching  to  the  brim  of  the  crater,  explode  with  s  aaund  resembling 
thunder,  and  masses  of  Ibto,  with  dust  and  smoke,  ace  thrown  into  the 
air  ;  the  incondeacent  fluid  then  sinks  down  to  its  [ormer  level.* 

The  cliffs  of  St.  Calogero,  which  are  about  two  hundred  feet  hi^ 
atid  extend  four  or  five  miles  along  the  coast,  consist  of  horiiontal  beds 
of  TOlcanic  Inff.  Prom  the  perennial  emanation  of  sulphurous  xapours, 
the  rocks  are  decomposed  ;  alum,  gypsum,  and  other  sulphuric  Salts  era 
formed,  as  well  as  muriate  of  ammonia  and  silky  ciystals  of  botacio 
Rcid.  The  dark  clays  Iwtb  become  yellow,  white,  red,  pink,  &c.,  and 
marked  with  stripes  of  Tarioos  colours,  from  the  gaseous  emanations  that 
are  constantly  issuing  from  beneath  ;  these  mottled  clays  sbikingly  re- 
semble in  appearance  the  variegated  atrata  of  the  Trias  (p.  M4). '  Velnl 
of  chalcedony  and  opal  occur,  and  pumice-st^Mie  and  obsidian  are  abund- 
ant. Dykes  and  Teins  of  trachyte  intersect  Ibe  tuff  in  every  direction 
(Lt^n.  197,^.  1),  like  the  intrusions  of  trap  in  the  ancient  sedimentary 
formations. 

6.  IscHiA  un>  YxsDTiDH.— The  celebrated  mouatain  of 
TesuviuH  16  about  four  thousand  feet  high,  and  its  crest  is 
now  broken  aud  irregular ;  but  when  Northern  Italy  was 
first  colonized  by  the  O-reeks,  "its  cone  was  of  a  regular  form, 
with  a  flftttiah  summit,  where  the  remeine  of  an  ancient 
crater,  nearly  filled  up,  had  left  a  slight  depression,  covered 
in  its  interior  by  wild  vines,  and  with  a  sterile  plain  at  the 
bottom."  From  the  earliest  period  to  which  traition  refers, 
to  the  first  century  of  the  Christian  era,  this  mount«un  waa 
in  a  dormant  state,  and  the  neighbouring  isles  of  Iscbia  and 
Procida  were  the  theatres  of  constant  explosions  and  earth- 
quakes. The  early  Greek  colonists  who  attempted  a  settle- 
ment were  obliged  to  abandon  the  territory,  in  consequence 
of  the  frequency  and  violence  of  the  subterranean  move- 
ments. 

•  Spallaniani ;  Scrope  "  On  Volcanos,"  p.  18. 

u.r,..,n.,GoQg[Q 


W6  THE  WOKDEM  OF  GEOLOOr.  L»cr.  Tm. 

JkAw.— Bat  nibaeqaenll;  lo  the  gieat  outbunt  of  VetUTiiu,  IkJiu 
lua  been  almost  CDtirel;  donnant ;  and  it  is  therefors  infemd  that  the 
latter  rolinno  ma  Lhe  rmc  through  which  tha  eUutic  fluids  and  incan- 
dcacent  malanali  of  the  labterraneui  firei  of  Italy  ««ca.ped  befon  Vesu- 
vius reaumsd  its  activity.  Ischia  has  numerous  cooea  ;  the  central  one, 
Epomeo,  is  2600  feet  high,  and  hai  trace*  of  two  large  cniteis  oa  iu 
summit.  Thii  mountain  appears  to  have  been  submarine  at  its  origin, 
but,  since  iti  sleratioa  above  the  sea,  other  eruptions  have  bunt  out  at 
various  points ;  and  a  lava-stieam  that  issued  from  its  base  is  still  arid, 
and  covered  in  parts  with  cinders  and  scorin.  The  materials  erupted  bj 
the  ctmea  of  Ischia  are,  for  the  moat  part,  trachjtsi  or  felspathic  lavas. 

V4*imtu.^ln  the  year  63  of  the  Christian  era,  Vesuvius  exhibited  the 
flnt  aympiom  of  internal  change,  in  an  eanhqualie  which  occasioned 
considerable  damage  to  man;  neighbouring  citiea,  and  of  whose  effect* 
traces  may  yet  be  witnesaed  among  the  interesting  memorials  of  the 
awful  catastrophe  which  soon  afterwards  took  place.*  After  this  event, 
slight  ahocks  of  eatthquakea  were  frequent,  when  on  the  24th  of  August, 
in  the  year  79,  a  tremendous  eruption  of  the  long  pent-up  incandescetit 
materials  of  the  volcano  bunt  forth,  and  spread  destruction  over  the 
surrounding  country,  overwheltniag  three  cities,  with  man;  of  their  in- 
habitants, and  burying  all  tracea  of  their  existence  beneath  immense  ac- 
cumulations of  ashes,  Band,  and  scorin.  All  the  fearful  circumstances 
connected  with  this  event,  and  the  attendant  physical  phenomena,  are  so 
well  known,  that  it  is  unnecessary  to  dwell  upon  lhe  tnbject. 

From  that  period  to  die  present  time,  the  ialemal  fires  of  Italy  have 
lesumsd  their  ancient  focus,  and  Vesuvius,  with  occasional  perioda  of 
tranqnillity,  has  been  more  or  less  energatict 

7.  SiBDOTUBE  OF  VoLCANio  MoDSTAiSs. — Ab  the  present 
sctiTe  volcanoB  for  the  most  part  emit  atreame  of  lava, 
showers  of  aahes,  cinders,  and  scorie,  and  floods  of  mud  or 
tuff,  their  coaes  coiuist  of  erupted  materialB  disposed  more 
or  less  concentricallj  ;  and  where  sections  are  eipose*!,  the 
beds  have  what  is  called  s  qitd-qudoer*al  dip ;  that  is,  thej 
regularly  incline  on  every  side  of  the  mountain.  These  are 
termed  Oratert  of  En^tion;  they  consist  of  Buccesaive  strata 

■  Daubenj  on  Volcanos,  &id  ediU  p.  220. 

f  For  a  sketch  of  the  history  of  Tesnviua,  see  Scrope,  Quart,  Jounii 

Oeol.  Sac.  vol.  xii.  p.  337. 
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of  volcanic  matter  poured  oat  from  a  fiaeure  or  Tent,  com- 
manicatingwith  the  deep-aeated  focus  of  igneous  action. 

The  central  crater  of  another  class  of  volcauic  mountuus 
is  formed  of  preesiBting  horizontal  rocks  and  etrata,  that 
hare  been  forced  into  highly  inclined  positions  by  a  sudden 
and  violent  upburst  of  incandescent  mineral  matter,  or  by 
the  expansion  of  elastic  rapoura.  A  dome  or  cone  is  thna 
produced,  with  a  central  openmg,  around  which  the  uplifted 
strata  are  concentrically  armnged  ;  being  ooTCred  to  a  greater 
or  less  extent  hy  the  materials  poured  out  by  subsequent 
eruptions.  These  have  been  termed  Oratera  of  Elevation,  by 
Von  Buch.  The  structure  of  such  yoloanic  mountains  will, 
be  readily  understood  by  referring  to  the  sections  of  the 
Wren's  K^est  (p.  811),  and  of  Crich  Hill,  near  Matlock  (p. 
699),  both  of  which  are  examples  of  originally  horizontal 
strata  elevated  into  a  dome  by  a  protrusion  of  volcanic  matter. 
If  in  either  of  these  instances  the  upheaving  force  had  been 
sufficient  to  propel  the  trap  through  the  middle  of  the  dome, 
a  crater  of  elevation  would  have  been  formed,  through  which 
the  igneous  matter  would  have  escaped.  It  is  by  a  move- 
ment of  this  kind,  as  we  have  already  had  occasion  to  explain, 
that  valleys  of  elevation  have  been  produced  (p.  S18). 

Prom  Mr.  Serope's  observations*  on  the  structure  of 
Yeeuvius  we  obtain  the  following  general  sketch  of  the 
character  of  Yesuvius  and  of  its  older  form,  as  Somma ; 
and  this  will  serve  to  explain  the  formation  of  craters  of 
eruption : — 

TesaTuu  a  ttn  exceedingly  t^^Ut  monntaia  on  «  small  scale.  All 
the  visible  Utu,  and  the  greater  pait  of  the  conglomerates,  are  basaltic ; 
and,  a«iDg  lo  tfa«  great  fluidity  of  lavaa  of  thii  mineral  character,  they 
have,  when  produced  from  the  common  vent,  token  theii  cooise  in  spread- 
ing sheete  down  the  outer  slope  of  the  mountain ;  vhile  the  ecorlie  and 
fragmenlarj  Bubatonces,  projected  at  the  same  time  into  the  air,  were 

■  Gcol.  Trans.  2nd  ser,  vol.  ii.  p.  338. 
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■pratd  prelty  avtlAj  ont  tbem  ;  to  that  Ihe  result  of  aucceasiTS  erup- 
tions of  tbu  kind  hu  been  the  fonauion  of  b  tegulatly  uoaictl  moim- 
tuic,  with  ■  gr&dua]]]'  diminishiog  slope  on  >ll  aides,  from  the  central 
heights  to  the  plain  sioaadi  exhibiting  in  the  mines  tb*l  furrow  ib 
Bides,  ss  well  u  In  the  abiupt  sections  afforded  by  the  walls  of  the  great 
crater,  ita  compositionof  Tepeatedlyalternatiiig  beds  of baaalt and  basaltic 
conglomeialea,  more  oc  )es.'<  inagnlai  in  tiiickmeM,  but  dipping  anifoimlT 
on  all  sides  away  from  the  vent,  with  ux  inclinitioa  correaponding  exactly 
to  the  external  slopes  of  the  mountain. 

The  eruptions  of  Vesuiius  seem  very  rarely  to  have  taken  place  from 
any  other  than  the  central  veat ;  a  few  small  cones  immediately  above 
Torre  del  Oreco,  thrown  up  in  1794,aDd  the  cone  on  which  the  Camaldoli 
della  Torre  ia  built,  are  the  only  indicalicmB  of  eiptosions  having  burst 
from  the  aidea  of  the  mountain.  The  raat  number  of  vertical  baaoltic 
dykes  which  intersect  the  horiiontal  beda  observable  in  the  brfdceo  difls 
of  the  old  crater  (Atrio  del  Cavallo)  bear  witneaa,  however,  that  the  lava 
was  not  BO  frequently  elevated  to  ihe  aummtt  of  the  mountain,  withotit 
occasioning  numbetUaa  cracks  and  rents  in  its  intern^  structure.  The>« 
is  great  reaaon  to  conclude  that  (he  old  crater  of  Somma,  whose  steep 
walls  now  half  encircle  the  cone  of  Vesuvius,  was  forme^  by  the  cele- 
brated eiuplion  of  the  yetl  79,  which  occasioned  the  death  of  the  elder 
Pliny,  and  buried  Herculaaenm,  Pompeii,  and  Stabise  beneath  a  bed  of 
ashes  and  fragmentary  scoriEe,  JEC. ,  from  thirty  to  one  hundred  feet  in 


8.  VoiOAwro  Pkodttcts.*— Before  we  paaa  to  the  con- 
sideration of  the  phenomena  attendant  on  a  volcaniii  erup- 
tion, we  will  examine  some  of  the  principal  minerals  which 
enter  into  the  composition  of  the  iavas  and  other  substances 
ejected  irom  volcanos. 

Lava  is  a  term  applied  to  any  mineral  mall«r,  liquefied  by  heat,  thai 
has  issued  in  a  stream  or  current  from  a  volcanic  aperture:  when  con- 
'Bolidaled  by  cooling,  it  may  consist  either  of  scoriie,  pumice,  obsidian, 
trachyte,  basalt,  &c.,  according  to  its  mineral  composition,  and  its  alow 
or  rapid  refr^eration.  The  greater  or  less  degree  of  pressure  'uodet 
which  the  solidification  either  of  hqnid  or  merely  strftened  mineral  sub- 
stances  takes  place — aa,  for  example,  in  tile  opM  air,  or  at  the  botlCKa  of 
the  sea,  or  in  deep-seated  aubterranean  cavities — appears  to  be  the  jnn- 

*  See  Lyell's  "  Manual,"  chap.  'i8. 
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cipkl  cause  of  the  difiecence  betwMn  the  ancient  plulonic  ind  Qm  maden 
Tolcanic  rocks.* 

Among  the  products  of  modern  valcanos  fire  of  the  ineMls  occui; 
namely,  iroD,  copper,  lead,  anenic, and  titaDiuin  j  beaides  teleDium,  boron, 
&c.  The  mimber  of  simple  minerals  foimd  in  the  rocks  of  Veauviui  amountl 
to  at  leaat  400  apecies ;  and  many  of  litem  are  oC  great  beauty.  Specular 
iron  is  common  in  the  carities  of  the  hud  kras.  In  Bome  of  the  aocieat 
Veauvian  larae  there  are  decided  indication*  of  a  concreljonal  and  pili< 
malic  Btructure,  and  a  tendency  to  diiide  into  columns,  like  the  bssallio 

Aqueous  vapours  are  emitted  in  abundance  &otu  TolcanoB,  and  often 
from  their  condenaation  giro  rise  (o  copious  Bpringa.  The  gaseous  eman- 
ations from  the  fumaroUs,  or  lesser  lents,  frequently  contain  chlorides 
of  lead,  iron,  capper,  ammonia,  soda,  &c. 

The  lofty  volcanic  peaks  which  reach  iar  above  the  limits  of  perpetual 
snow,  AS  those  of  the  Aodea  (Cotopaxi,  which  is  19,070  feet  high),  are 
&equently  Ike  cause  of  frightful  tnoudations  from  the  sudden  melting  of 
the  SHOW,  occasioned  by  the  evolution  ofheat  during  an  eruption.  Torrents 
of  wiLtor,  bearing  along  both  healed  masses  of  sooriie  and  blocks  of  ice, 
rush  down  (he  aides  of  the  mountains,  and  overwhelm  the  plains  below. 
Water  from  the  melted  mow  is  also  conlinuolly  Boding  its  way  ioto  the 
hollows  and  fissures  of  the  trachytic  rocks,  and  vast  subterranean  lakes 
are  thus  formed  in  the  inlerior  of  the  volcanic  mass  :  and  wh«u  these  re- 
servoirs are  burst  open  by  the  earthquakes  that  precede  eruptions,  wat«r 
and  tuiaceous  mud,  not  unfre<^uently  accompanied  with  swarms  of  Qsbes 
that  inhabited  the  inlemal  pools,  are  ejected  with  great  violence. 

The  chief  constituents  of  lavas  are  the  substances  termed  fel>paT  and 
augite,  and  the  lavas  are  classed  according  as  either  of  these  ingredient* 
{iredominaCes.  When  tbe  felspar  prevails,  the  mass  is  called  Trachj/U, 
-wMcli  is  generally  of  a  coarse  grain,  with  a  harshness  of  texture,  and  a 
-considerable  degree  of  porosity;  -when  the  grain  is  fine  and  compact 
but  irregular,  it  constitutes  Trachytic  porpkyry ,-  when  the  particles  are 
■0  fused  as  to  have  a  resinous  or  glassy  texture,  il  forms  PUchttont  and 
Obiidian.  It  augite  couslitule  a  large  proportion  of  a  rock,  it  is  termed 
BaaaU  ;  Dolerile  is  another  rock  of  the  same  class. 

The  lavas  ^ected  from  Vesuvius  present  considerable  variety  of  ap- 
pearance and  composition :  they  occur  in  the  state  of  pumice-stone, — 
vesicular  scoris,  that  is,  cinders  full  of  hollow  cells, — and  compact  heavy 
masses  of  molten  rock,  which  are  sometimes  spotted  internally  with  red, 
yellow,  and  grey.  Mica  occnrs  plentifully  in  some  recent  trachytes,  but 
crystalliied  quartz  imd  hornblende,  so  abundant  in  granite,  are  eilremelj 

*  Humboldt. 
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rare.  Pumice  i*  aupposed  to  be  produced  by  ■  coiuiderabla  duengige- 
ment  of  vapour  having  taken  pUce  while  the  lava  wu  in  a  plaatic,  but 
not  entirely  in  a  Suid  lUtv ;  Ibe  escape  of  (he  gaaeoiu  matter  giving  rise 
10  the  porous  stmctuie  of  tbia  mineral,  Dolomieu  observes,  Uiat  one 
kind  of  pumice  leenu  to  be  derived  from  the  Aiaian  of  granite,  since  it 
contains  ftagnieDta  of  quatti,  mica,  and  felspar,  and  that,  when  such 
fiagnients  were  exposed  to  heat,  they  were  converted  into  a  subsUnce 
resembling  (he  surrouuding  pumice. 

9.  Iii.TA>cuKSEHTB,  Dyexb,  iss  Yeinh.* — Ab  the  aapect 
and  nature  of  laTa-cuirenta  will  be  euilj  comprehended  hj 
the  deacriptions  of  volcanic  eruptions  which  I  shall  preaentlj 
place  before  you,  it  will  auffioe  to  mention  in  thia  place,  th^ 
the  appearance  of  lava  in  motion  is  that  of  a  sluggish  viscid 
stream  loaded  with  red-hot  cinders,  aahes,  and  detached  frag- 
ments of  rocks,  polling  one  over  the  other,  and  producing  a 
loud  crackling  noise. 

Captain  Basil  Hall  aplly  compares  the  movements  of  a  lava-current  to 
that  of  a  glacier  ; — "  They  are  bolh,"  ha  observae,  "  more  or  lees,  &ozen 
or  half-coDgealad  rivers  ;  they  both  obe;  the  law  of  gravitatioa  with  great 
reluctance,  being  eeBentially  so  sluggish,  that,  although  they  move  along 
the  bottoms  of  nilleyi  with  a  force  well-ni^  irresistible,  yet  (heir  motion 
is  sometimes  scarcely  perceptible.  Both  glaciers  and  lava-streams,  by 
occasionally  acting  the  part  of  huge  dams  across  valleys  and  ravines,  cause 
immense  accumulattoitB  of  water  ;  it  is  true  these  barriers  are  more  fragile 
in  Che  case  of  glaciers,  and  the  conseqaeucea  are  (herefore  the  more  de- 

The  effects  prodnced  by  lava-currents,  and  their  rate  of  progress,  de- 
pend of  course  on  their  degree  of  incandescence  and  fluidity.  When  tho 
molten  mass  flrtt  issues,  it  appears  like  a  stream  of  fire,  but  the  sut&m 
quickly  acquires  a  rough  acum,  or  cruet,  which  soon  thickens,  and  is 
broken  into  angular  pieces  by  the  onward  motion  of  the  fluid  beneath. 
In  ihia  condition  it  appears  tike  meliad  iron  or  copper ;  and,  if  a  stick  be 
thrust  in,  large  semifluid  masses  adhere,  and  may  be  removed  ;  and  coins 
or  other  articles  may  be  plunged  in,  and  will  remain  permanently  imbed- 
ded when  the  lava  cools.  X 

Lava-currents  from  Vesuvius  have  flowed  a  mile  and  a  half  in 


*  See  Lyell's  "  Manual,"  chapter  29,  for  details  and  illustrations. 

t  "  Patchwork,"  by  CapUin  Basil  Hall,  vol.  iii.  p.  153. 

X  Persona  visiting  Vesuvius  generally  bring  away  such  momentos  of 


..Google 


LAVA-CTJHKEHTS.  DTKE8,  AND  VEINS. 


851 


minutea;  othera  have  retched  the  Bea'iii  three  honn  fTom  the  gummit 
of  the  mountain,  a  dislaace  of  3200  yards.  The  atreun  which  destroyed 
Catenia,  ia  1669,  was  fourteen  miles  long  and  five  wide.  In  Etna,  cur- 
rents hare  been  tioced  forty  miles  in  len^  ;  and  a  stream  that  issued 
ttom  Haunt 'Hecla,  in  Iceland,  is  computed  at  ninety-four  miles  in 
length,  and  fitly  in  its  greatest  breadth ;  and  ita  depth,  where  there  were 
obstacles  to  its  progress,  was  in  some  places  seFeral  hundred  feet. 

LaTs-currenta  retain  a  high  temperature  for  a  long  period  ;  some  ha« 
been  observed  to  flow  slowly  ten  years  after  their  eruption.  A  hiesb  of 
lava  on  the  flanks  of  Vesuvius  ignited  wood  thrust  into  it  foar  years 
after  its  motion  bad  ceased. 

The  cooled  l&vas  and  other  minenl  products  which  form  the  great 
moss  of  a  volcanic  mountain  are  rent  and  torn  by  the  earthquakes  which 
generally  precede  every  fresh  eruption ;  and  these  fissures  and  chasms 
become  filled  by  subsequent  injections  of  molten  rock.  In  this  manner 
dykes  and  veins  are  formed  in  the  trachytic  and  scoriaceoug  maaiea  of 
Vesuvius,  Etna,  and  other  active  volcanos  {Liffn.  198),  resembling  ou  a 
small  scale  the  intrusive  trap-dykes  in  the  ancient  strata,  of  which  we 
have  already  noticed  many  eiamplea. 


The  looee  sand,  scoriie,  and  ashes  which  have  been  either  wafted  by 
(he  winds  and  (alien  into  the  sea,  or  washed  down  by  tonents  on  the 
plains,  become  agglutinated  together  and  form  an  earthy  conglomerate, 
which  is  termed  volcanic  luff.  This  sabatance  ia  frequently  traversed 
by  reins  and  dykes  of  lava,  thrown  np  by  snbaequent  eruptions.  It  often 
happens  that  the  beds  thus  permeated,  being  formed  of  materials  that 
readily  decompose,  are  partially  or  wholly  worn  away,  while  the  durable 
intruded  dykes  remain,  and  (land  ml  in  relief,  aometimes  forming  veHicnl 
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w.  of  grest  thicknen  uid  extent ;  of  vtuch  the  celebnled 
Vil  del  Bon,  of  Etn^,  lo  be  noticed  ia  the  eequel,  Kffords  some  of  the 
lB0«t  remuksble  eiampLe*. 

10.  Eeoptiomb  oi  Vebdtittb. — In  the  early  periods  of 
activity,  violent  gaseoiu  ezploeions,  with  showers  of  scoriie, 
aahee,  and  sand,  characterized  the  eruptionB  of  Yesuvius  ;  * 
but  since  the  existence  of  the  preaest  crater  laTa-currents 
have  generally  been  ejected.  The  appearance  of  an  ordi- 
nary eruption,  seen  by  night,  has  been  thus  picturesquely 
described  by  a  traveller : — 

"  It  was  about  half-past  ten  when  we  reached  the  foot 
of  the  craters,  which  were  both  tremendously  agitated ;  the 
great  vent  threw  up  immense  columns  of  fire,  mingled  with 
the  blackest  smoke  and  sand.  Each  explosion  was  preceded 
by  a  bellowing  noise,  like  thunder,  in  the  interior  of  the 
mountain.  The  smaller  vent  was  the  most  active;  and  the 
explosions  followed  each  other  so  rapidly  that  we  could 
not  count  three  seconds  between  them.  The  stones  which 
were  emitted  were  fourteen  seconds  in  falling  back  to  the 
crater ;  consequently,  there  were  always  the  discharge  of 
five  or  six  explosions—sometimes  more  than  twenty — in 
the  air  at  once.  These  stones  were  thrown  up  perpendicu- 
larly, in  the  shape  of  a  wide-spreading  sheaf,  producing  the 
most  magnificent  effect  imaginable.  The  smallest  stones 
appeared  to  be  of  the  size  of  cannon-balls ;  the  greater  were 
like  bomb-shells  ;  but  others  were  pieces  of  rock,  five  or  six 
cubic  feet  in  size,  and  some  of  the  most  enormous  dimensions : 
the  latter  generally  fell  on  the  ridge  of  the  crater,  and  rolled 
down  its  sides,  splitting  into  fragments  as  they  struck  against 
the  hard  and  cutting  masses  of  cold  lava.  The  smoke  emitted 
by  the  smaller  cone  was  white,  and  its  appearance  incon- 
ceivably grand  and  beautiful ;  but  the  other  crater,  though 

•  The  craters  of  Aavergne,  (vol.  i.  p.  272),  tliat  exhibit  no  tnces  of 

re  ■Iin  luppoaed  to  have  been  produced  by  eipleaiona. 
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lesB  active,  was  much  more  terrible ;  and  the  thick  hUckiieea 
of  its  gigantic  TolumeB  of  amoke  partly  concealed  the  fire 
which  it  yomited.  Both  Tents  occasionally  burst  forth  at  the 
same  instant,  and  with  the  most  tremendoua  fiuy,  the  ejected 
atones  intermingling  in  the  air. 

"  If  any  person  could  accurately  foney  the  effect  of 
500,000  sky-rockets  darting  up  at  once  to  a  height  of  three 
or  four  thousand  feet,  aod  then  falling  back  in  the  shape  of 
red-hot  balls,  shells,  and  large  rocks  of  fire,  he  might  bare 
ao  idea  of  a  siogle  explosion  of  this  burning  mountain  ;  but 
it  is  doubtful  whether  any  imagination  can  conceive  the 
effect  of  one  hundred  of  such  explosions  in  the  space  of  fire 
minutes,  or  of  twelve  bundred  or  more  in  the  course  of  an 
hoiur,  as  we  saw  them !  Yet  this  was  only  a  part  of  the  sub- 
lime spectacle  before  us. 

"  On  emerging  from  the  darkness,  occasioned  by  the 
smaller  crater  being  hidden  by  the  large  one,  as  we  passed 
round  to  the  other  aide  of  the  mountain,  we  found  the  whole 
scene  illuminated  by  the  river  of  lava,  which  gushed  out  of 
the  valley  formed  by  the  craters  and  the  hill  on  which  w^ 
now  stood.  The  fiery  current  was  narrow  at  its  source, 
apparently  not  more  than  a  few  feet  in  breadth ;  but  it 
quickly  widened,  and  soon  divided  into  two  streams,  one  of 
which  was  at  least  forty  feet  wide,  and  the  ^ther  somewhat 
less:  between  them  was  a  sort  of  island,  below  which  they 
reunited  into  one  broad  river,  that  was  at  length  lost  sight 
of  in  the  deep  windings  and  ravines  of  the  mountain."  * 

In  an  eruption  witnessed  by  Sir  W.  Hamilton,  jets  of 
liquid  lava,  mingled  with  stones  and  sooriiB,  were  thrown  up 
to  a  height  of  ten  thousand  feet. 

The  streams  of  lava,  which  issue  with  great  velocity,  are 
in  a  state  of  perfect  foaion  ;  but  as  they  cool  on  the  surface, 
they  crack,  and  the  matter  becomes  vesicular  or  porous  ;  at 
a  considerable  distance  from  their  source,  they  resemble  a 

"  From  the  SHliirday  Magaiine. 
3  I  2 

u,^_.LiL,Goog[e 


854  TAB  WONDEKS  OF  QEOLOOT.  Lkit.  TtO. 


heap  of  scorise,  or  cinders,  from  an  iron-fotmdry,  rolling  slowly 
along,  and  falling,  witli  a  rattling  noise,  one  over  the  other. 

The  eniptioiu  of  VesuTiiiB.  iU  cone*  and  craten,  and  the  still  oldei 
and  partly  encircling  enter  of  Somms,  hare  affoTded  continuons  and  ini' 
portant  leuona  to  geologiiiU  as  to  the  mode  of  action  and  nature  of  toI- 
OBnic  forces.  In  IS&6,  Mr.  Poulett  Scrope  read  before  the  Geological  So- 
ciety a  very  intereeting  and  mHtructive  r^nm^  of  his  tlcvs  on  the  mode 
of  production  of  toIcbdIc  cratern,  and  on  the  nature  of  the  liquidjtj  of 
laTas,  mainly  lllastTated  by  the  VeauFiioi  phenomena,  and  originally  ad- 
vanced in  his  work  on  Volcano«  in  1824.  In  the  Memoir  referred  to, 
the  Qrst  point  insisted  on  ia  the  formation  of  all  Tolcanic  cones  and 
craters  by  Ihe  simple  process  observed  in  habitually  active  volcanos, 
namely,  the  eruplive  ejection  of  lavas  and  (rsgrnentary  matter  from 
B  volcanic  vent ;  the  accumulation  of  vhich  around  it  cannot  fail  to 
give  rise  to  the  cone-ahaped  mountain  so  characteristic  of  a  volcano,  and 
to  the  crater  usually  contained  in  it.  The  author  showed,  by  the  history 
of  VesDvius,  that  the  cone  of  that  mountain  has,  within  the  last  hundred 
yeara,  been  at  least  five  several  times  emptied  by  eiplosions  of  a  paroiyam- 
bI  character,  and  as  odcn  refilled  by  (he  products  of  subsequent  minor 
eruptions  ;  ivhile  throughout  this  time  the  exterior  of  the  cone  has  been 
gradually  increasing  in  bnllc,  and  the  old  crater  of  Somma  as  graduatly 
being  filled  up,  by  accretions  from  the  volcBnic  matter  ejected  beyond 
tbe  lip  of  the  Vesuvian  crater.  He  refuses  to  believe  that  any  other  pro- 
cess originally  formed  the  outer  cone  and  crater  of  Somma.  than  UiBt 
which  he  and  Others  have  seen  to  be  oontinuBlly  augmenting  the  inner 
cone  of  Vesnvias,  and  which  before  his  eyes  in  1832  scooped  out  of  its 
heart  B  crater  concentric  to  that  of  Somma,  three  miles  in  circumference, 
and  some  2000  (eet  in  depth.  And  generally  «f  other  great  cmiers,  an- 
cient or  modern,  soch  as  Palma,  Sanlorini,  the  Val  del  Bove,  &c.,  be 
no  argument  in  favour  of  their  having  any  other  dian  a 
I  "eruptive"  origin  can  be  derived  from  the  jact  of  their di- 
s  exceeding  those  of  the  cralar  of  Vesuvios.  The  authentic 
a  of  enormous  qnanlilies  of  ejected  pumice,  scoiiai,  or  ashea 
'hrown  out  by  many  eruptions  from  Polyneaian  or  American  volcanos, 
reaching  to  distances  of  above  a  thousand  miles,  and  of  course  spreading 
over  the  whole  intermediate  apace,  to  a  thickness  eomelimea  of  1(1  or  12 
feet  at  more  tban  twenty-five  miles  from  the  volcano,  would  amply 
Bcconnt  for  the  dispersion,  by  explosive  eruptions,  of  the  contents  of  the 
largest  crateis  ever  olweired. 

At  the  same  time  the  author  gnarda  himeelf  (rom  being  sappoeed  to 
have  ever  denied  that  some  amount  of  eleratioa  has  taken  place  iu  the 
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extemsl  cone  of  a  Tolcaoo  throu^  the  ocouional  injection  of  Uv>  fiom 
-williiii  into  reati  broken  acrow  iu  frBmevork,  and  liardened  inU)  d^keg, 
■which  may  be  called  a  prooeas  of  padual  dtatension.  This,  in  fact,  w»g 
soggeatad  \>y  him  in  1824.  All  he  conLenda  against  is  tlie  theoiy  of 
Von  Buch,  that  ralcanic  mountains  aie  the  Teaull  of  the  elevation  of 
nearly  horizontal  beds  of  lava  and  conglomerates  by  some  audden  ex- 
pansion.  He  maintains,  on  the  cantcary,  that  tlis  giowlh  of  s  toIchiiq 
by  accretion,  through  eruptive  ejections  on  the  exterior,  and  partial 
distension  from  within,  is  a  gradual,  though  intermittent,  normal  praceta, 
which  may  be  watched  almost  like  the  growth  of  a  tree. 

The  author  next  referred  to  the  opinion  publiahed  by  him  in  1824, 
that  the  liquidity  of  the  atony  andcrystallinelavas  (excluding  the  ntremii 
varieties)  at  the  lime  of  their  protrusion  is  owing,  not  to  complete 
fusion,  but  to  the  entanglement  between  their  component  granular  or 
cryst^ine  particles  of  some  fluid,  chiefly  water,  at  an  intense  heat,  of 
course,  bat  unraporized  by  reason  of  the  extreme  pressure  lo  which  they 
are  subjected  while  beneath  the  earth,  and  escaping  in  vast  bubbles  of 
steam,  when,  by  the  opening  of  ■  Stsnre  of  escape,  its  discharge  is  per- 
mitted, and  also  by  a  kind  of  exudation  through  the  pares  and  crericeA 
of  the  expelled  lavas  as  they  cool. 

The  author  originally  extended  this  theory  of  the  combination  of 
aqueous  with  igneous  agency  in  lavas  to  all  the  crystalline  plutonic  rocks, 
which  he  considered  to  be  derived  from  a  mass  existing  beneath  the  crust 
of  ihe  globe  under  the  above  circumstances,  in  a  slate  of  extreme  tension, 
such  as  on  the  occurrence  of  any  sufGcient  local  relaxation  of  the  re- 
straining pressure  from  above,  or  increase  of  temperature  from  within, 
mi^at  occasion  its  psitial  intumescence,  snd  the  consequent  fracture  and 
elevation  of  the  overlying  rocks,  with  or  without  extravasations  of  the 
intumescent  crystalline  matter  through  rents,  in  the  form  either  of  vol- 
canic eruptions,  or  the  protrusion  of  the  granitoidal  axes  of  mountain- 

These  ideas  on  the  character  of  the  liquidity  of  lavas  and  the  hy- 
pogene  crystalline  rocks,  promnlgaled  by  the  author  in  1824 — 1826.  were 
considered  unchemical  at  that  time,  and  little  regarded.  They  have, 
however,  <^  late  been  reproduced  by  U.  Scheerer  of  Christiania,  and 
adopted  by  H.  Elie  de  Beaamont,  and  have  received  much  confirm- 
ation from  recent  researches  into  the  conduct  of  water  under  preiisure 
at  high  temperatures,  iU  power  of  taking  silex  into  solution,  &c. 

The  author  further  aska  the  attention  of  geologists  to  the  ideas  de- 
veloped by  him  in  the  same  early  work,  and  founded  on  actual  and 
careful  observations,  as  to  the  change  of  position  occasioned  in  the 
component  crysials  of  a  matter  moving  in  the  pasty  state  here  attri- 
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baud  to  Utm  «nd  oth«r  ptatonic  rocki,  dariag  their  emisairat  or  eie- 
ftttion  under  extreme  preuure.  He  prodaced  examples  from  the  rib- 
boned (rachyte*  and  peirlstones  of  Italy,  Hungary,  and  Heiico.  He 
considers  pieisa  to  be  gianita  elongated  by  a  powerful  lateral  squeeze, 
prob«bly  at  the  time  of  its  eipulsion ;  and  mica-schist  to  be  the  eilreme 
result  of  the  same  action  apon  the  lateral  bauds  or  selvages  of  the  ex- 
truded mass  or  great  dyke.  Thia  he  thinks  a  more  probable  origiil 
than  the  usual  metamorphic  theory  of  the  melting  and  leconsoUdatioD 
of  sedimentary  strata,  though  the  one  does  not  irtially  exclude  the  other. 
&t  all  eienta  he  considers  the  evidence  presented  in  the  peculiarities  of 
texture,  atruclure,  and  position  of  the  laminated  crystalline  rocks  la  be 
oonclusiTe  as  lt>  their  having  been  squeezed,  flattened,  and  drawn  out  in 
the  directioii  of  theii  upcast,  and  attribatea  this  process  to  the  same 
elevatory  movements  which  have  thrust  them  np,  and  often  forced  them 
into  vmnkled  foldings  on  the  grandest  as  -we]!  as  on  the  most  minute 
■oale.  To  this  same  rearrangement  of  their  ciystalline  plates  or  Sakes 
imder  presenre  he  attributes  also  their  lamellar  cleavage.  He  refers  to 
Mr.  Sorby's  recent  papers  and  eiperimeots  on  slaty  cleavage  as  con- 
firming these  views.  The  paper  ends  by  recommending  the  more  earnest 
study  of  the  dynamics  of  geology,  which  have  in  this  country  been  perhaps 
of  late  years  somewhat  neglected. 

11.  HEBcrLABEim  Ain>  PoifPin. — We  bare  above  de- 
scribed the  phenomena  attendant  on  the  modem  paroxysms 
of  YesaviuB:  but  this  celebrated  mountain  is  inveeted 
with  surpassing  interest,  from  the  wonderful  preserva- 
tion of  the  cities,  which  were  overwhelmed  by  its  firat- 
reoorded  eniptimi,  in  the  seventy-ninth  year  of  the  Chris- 
tian era. 

In  the  words  of  an  eloquent  writer,  "After  nearly  seven- 
teen centuries  had  rolled  sway,  the  city  of  Pompeii  was 
diBinterred  from  its  silent  tomb, — all  vivid  with  undimmed 
hues, — ite  walls  fresh,  as  if  painted  yesterday, — not  a  tint 
faded  on  the  rich  mosaic  of  its  floors,'— in  its  Forum  the 
half-finished  columns,  as  left  by  the  workman's  hand, — before 
the  trees  in  its  gardens  the  sacrificial  tripod, — in  its  halls 
the  chest  of  treasure, — in  its  baths  the  strigil,— -in  its  theatres 
the  counter  of  admission, — in  its  saloons  the  furniture  and 
the  lamp, — ^in  its  triclinia  the  fragments  of-  the  last  feaat,— ^ 


.,Cot>g[e 


1  11.  mCBCULANBUU  AND  FOUFEO.  857 

ia  its  cubicuU  the  perfiuaee  and  the  rooge  of  &ded  beauty, 
— and  everywhere,  the  ekeletons  of  those  who  ouce  moved 
the  springs  of  that  minute  yet  gorgeous  machine  of  luxury 
and  of  life."  * 

From  the  description  of  the  catastrophe  by  an  eye-witnees, 
it  appears  that  this  outburst  of  Vesuvius  was  marked  by  a 
territo  eruption  of  ashes  and  scoriie,  which,  borne  upwards 
by  vapours,  rose  in  an  immense  column,  and  ia  described  by 
the  younger  Fliny,  in  his  letter  to  Tacitus,  as  resembling  a 
lofty  pine  spreading  out  at  its  summit  into  wide  shadowing 
brandies ;  t  and  then  followed  total  darkness,  occasioned 
by  th«  descent  of  this  overwhelming  cloud  of  volcanic  matter, 
whict  completed  the  destruction  of  the  devoted  cities,  amA 
buriei  Herculaneum,  Pompeii,  and  Stabiw  beneath  an  ae- 
cumiiation  of  ashes,  cindeia,  and  scoriie,  to  a  depth  of  &om 
sixtyto  one  hundred  and  twenty  feet. 

N*  traces  have  been  perceived  of  lava-currents  or  of 
melted  matter ;  the  various  utensils  and  works  of  art,  as 
you  may  observe  in  the  Fompeiian  lamps,  vases,  beads,  and 

*  Sir  E.  Bulwer  Ljlton's  "  Laat  Da^s  of  Pompeii." 
f  The  elder  Pliny,  who,  U,  the  time  of  thia  outburst  of  Vesuvius,  held 
the  command  of  the  Roman  fleet,  stationed  at  Miseoum— a  cape  or  head- 
land about  twice  the  distance  westward  from  the  volcano  as  the  city  of 
Naples, — in  his  aniiety  tc  obtain  a  nearer  TJew  of  the  phenomenon,  fell 
a  victim  to  the  sulphurous  vapoun  ;  and  his  nephew,  the  yoanger  Pliny, 
who  remained  with  the  fleet  at  M^nnm,  has  leCt  a  graphic  description 
of  the  awful  scene  in  his  letters  t«  Tacitus.  He  states,  that  a  dense 
colunm  of  vapour  was  first  seen  aristng  vertically  from  VesuTius,  and 
which  spread  itself  oul  lalerally,  so  as  to  resemble  the  head  and  trunk 
of  the  Italian  pine-tiee.  This  black  cloud  was  occaaionall;  pierced  by 
llaihea  of  fire  as  vivid  as  lightning,  and  the  whole  atmosphere  eud 
denly  became  darker  than  night.  The  eruption  burat  forth  with  such 
amazing  force,  that  ashes  fell  even  upcoi  the  ships  at  Misenum,  and  in 
such  quantiliea  as  lo  csusa  a  shoal  in  one  part  of  the  neighbouring 
sea.  In  the  mean  time,  the  gtoond  rocked  terribly  i  and  the  sea  re 
ceded  so  far  from  (he  shore,  that  many  marine  animals  were  left  ex- 
posed OB  the  dry  sand. 
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inBtrumenta  in  the  British  MuBeimi,  exhibit  do  appearasce 
of  haTing  been  exposed  to  the  action  of  fire.  £vea  the  deli- 
cftte  papyri  appear  to  have  HDBtained  more  injury  from  die 
effects  of  molBture  and  exposure  to  the  air,  than  from  lest ; 
for  they  contain  matter  soluble  in  naphtha,  and  are  in  fact 


peat  in  which  bituminization  has  commenced.*  In  Fompeii, 
the  Band  and  stones  are  loose  and  unconsolidated ;  but  in 
Herculaneum,  the  houses  and  works  of  art  are  imbedded  in 
solid  tuff,  which  must  have  originated  either  &om  a  torrent 
of  mud,  or  from  ashes  moistened  by  water.  Hence  statues 
are  found  unchanged,  although  surrounded  by  hard  tuff, 
bearing  the  impressions  of  the  minutest  lines.  The  beams 
of  the  bouses  have  undergone  but  little  alteration,  except  that 
they  are  invested  with  a  black  crust.  Linen  and  fishing- 
nets,  loaves  of  bread  with  the  Impress  of  the  baker's  name ; 
•  Dr.  Macculloch. 
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even  fruits,  »  walnuts,  almonds,  and  cbestnuta,  an  stUl 
distinctly  recognisable.  The  remarkable  preservation,  for 
nearly  two  thousand  years,  of  whole  cities,  with  their  houses, 
fiimiture,  and  the  most  perishable  substances,  imbedded  in 
volcanic  matter,  may  be  compared  to  those  geological  events 
by  which  the  forests  of  an  earlier  world,  and  the  remains  of 
the  colossal  dragon-forms  which  inhabited  the  ancient  lands 
and  waters,  have  been  accumulated  beneath  the  deposits  of 
innomerable  ages. 

12.  C0»8EBTATn"B  IFFECTB  OF  LiVA-CUEEEMTS. — Al- 
though no  vestiges  of  animals  or  plants  are  likely  to  be 
found  in  volcanic  products  that  have  been  in  an  incandescent 
state,  yet  so  slow  is  the  conducting  power  of  many  earths, 
that  beds  of  shells  and  vegetable  remains  may  be  overflowed 
b;  streams  of  molten  lava  without  injury,  if  protected  by 
even  a  thin  covering  of  sand  or  other  non-conducting  ma- 
terial. In  like  manner  the  ancient  basaltic  lavas  have 
burst  through  and  overwhelmed  sedimentary  strata,  and  yet 
the  most  delicate  animal  and  vegetable  substances  remain 
uninjured ;  transmuted,  indeed,  into  stoue,  but  stUl  retain- 
ing their  original  structure.  Thus,  in  the  eocene  (?)  beds 
of  Glarus,  although  the  rock  has  been  converted  into  (date 
by  intense  heat,  yet  the  fishes  remain  (p.' 366)  ;  the  strata 
of  Monte  Bolca,  though  capped  with  basalt,  yet  swarm  with 
iohthyolites  (p.  269) ;  the  fiery  currents  of  Auvergne  have 
flowed  over  the  lacustrine  limestones,  and  still  vestiges  of 
insects,  serpents,  and  quadrupeds  are  preserved  (p.  277)  ; 
the  tertiary  forests  of  the  Andes,  which  grew  on  beds  of 
lava,  now  lie  buried  beneath  subsequent  volcanic  eruptions 
of  prodigious  thickness  (p.  289)  ;  and  bones  either  of  the 
Dodo  or  of  the  Solitaire  are  found  imbedded  in  sandstone 
covered  by  lava  of  recent  origin  (p.  130). 

A  very  remarkable  circumstance  is  mentioned  by  Sir.  C. 
Lyell, — the  preservation  of  a  bed  of  ice,  beneath  a  stream  of 
incandescent  lava.      The  intense  heat  experienced  in  the 
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Bouth  of  Europe  during  the  aummer  and  autumn  of  1828 
caused  the  usual  euppliea  of  ice  entirely  to  fail.  Great 
difitreaa  was  consequently  felt  from  the  want  of  a  commodi^ 
regarded  in  those  countries  rather  as  an  article  of  necessity 
than  of  luxury.  Etna  was,  therefore,  carefully  explored,  in 
the  hope  of  discovering  some  crevice  or  natural  grotto  on 
the  mountain  vhere  drifted  snow  was  still  preserved.  Nor 
was  the  search  unsuccessful ;  for  a  small  mass  of  perennial 
ice  at  the  foot  of  the  highest  cone  vras  found  to  be  part  of 
a  large  continuous  glacier  covered  by  a  sheet  of  lava.  The 
ice  vas  q^uarried,  and  the  superposition  of  the  lava  ascer- 
tainedtocontinuefor  several  hundred  yards;  unfortunately, 
the  ice  was  bo  extremely  hard,  and  the  removal  of  it  ho  ex- 
pensive, that  there  is  no  probability-  of  the  operations  being 
renewed.*  Sir  C.  Lyell  explains  this  apparently  para- 
doxical fact  by  supposing  that  a  deep  mass  of  drift-snow  was 
covered  by  a  layer  of  volcanic  sand,  which  is  an  extremely 
bad  conducter  of  beat;  and  thus  the  subsequent  liquid  lava 
might  have  flowed  over  the  whole  without  affecting  the  ice 
beneath,  which  at  such  a  height  (ten  thousand  feet  above 
the  level  of  the  sea)  would  endure  as  long  as  the  snows  of 
Mont  Blanc,  unless  melted  by  volcanic  heat  from  below. 

13.  Oegasio  Bbmains  nf  LiVi. — The  silicious  shields 
or  fruatules  of  Infusoria  are  often  found  as  a  component  part 
ofvolcanicashsnd  tuff,  both  of  ancient  and  modem  origin,f 
and  were  probably  derived  from  the  subterranean  pools  or 
lakes  ;  as  in  the  case  of  the  showers  of  fishes  which  occa- 
sionally descend  during  a  volcanic   eruption.]:     Infusoria] 

"  PriEciplet  of  Geology,  vol.  ii,  pp.  124— 126,  9th  edit.  p.  412. 

t  Prof.  Ehrenberg  hij  published  eeTeral  notices  of  Uiifl  phenomenon 
JD  the  J  oumal  and  TrnniuctionB  of  the  Barlin  Academy  of  Sciences ;  and  ' 
complete  illuatrHtions  are  giTeo  in  his  magnificent  "  Mikrogeologie,"  fiiL 
18^5. 

i  Hnmboldt'B  Cosmos,  vol.  i.  p.  230.  A  putrid  ferer  which  pravuled 
in  1691,  ia  Ibaira,  north  of  Quito,  wu  ascribed  to  the  decompo«Iion  of 
the  quantity  ofdMui  Qsh  tyectad  bum  the  Tolcano  orimbabiuu. 
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remains  ore  not  uncommon  in  the  volcanic  dust  tbat  &11b  on 
Tessels,  often  hundreds  of  miles  from  land.  An  ancient  bed 
of  tuff  in  Oregon  is  full  of  infusorial  remains.* 

In  the  tuff  of  YeauTins,  I  have  seen  the  impressions  of 
dicotyledonous  leaves ;  and  charred  wood  is  occasionally  met 
with  in  the  sconce  of  Herculaneum. 

A  curious  circumstance  occasionally  results  from  the  in- 
vasion of  a  grove  or  forest  by  a  stream  of  lava.  The  trunks 
of  the  trees,  at  their  base,  become  enveloped  by  the  molten 
mass,  but  the  upper  part  and  the  branches  are  set  on  fire, 
and  burn  down  to  the  surface  of  tbe  lava.  The  trunks  sur- 
rounded by  the  lava  are  only  charred,  and  if,  as  often  hap- 
pens, this  carbonaceous  matter  is  afterwards  washed  away,  or 
otherwise  removed,  hollow  cylindrical  tubes,  having  their 
sides  marked  with  the  imprint  of  the  bark  of  the  trunks,  re- 
main in  the  solid  rock.  Such  moulds  are  not  uncommon  in 
the  Isle  of  Bourbon,  in  those  lava-currents  that  have  extend- 
ed their  ravages  through  the  palm-forests. 

A  remarkable  fact,  arising  from  a  similar  cause,  is  men- 
tioned by  Count  Strzelecki,  as  having  come  under  his  notice 
in  the  valley  of  the  Derwent  in  Van  Diemen's  Land, 
Opalized  coniferous  wood  is  abundant,  and  in  some  pariis  th6 
truncated  stumps  are  imbedded  in  porous  and  scoriaceous 
basalt  and  trachytic  conglomerate ;  and  in  many  instances 
the  basalt  contains  hollovrs,  which  are  the  moulds  of  trees 
that  have  been  consumed.  It  appears  that  the  stems  which 
had  been  silicified  withstood  the  intensity  of  the  incan- 
descent lava ;  while  other  trees,  placed  in  circumstances  un- 
favourable to  their  prerious  petrifaction,  were  charred,  but 
not  destroyed;  for,  having  been  either  green,  or  saturated 
with  water,  they  resisted  the  progress  of  combustion,  bo  as 
to  leave  by  their  subsequent  decomposition  cylindrical  up- 
right cavities  in  the  basaltic  scorira,  with  impressions  simitar 
to  the  rugged  bark  of  a  carbonized  tree.  Into  some  of  these 
•  Dr.  Bailsj. 
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hollovs  B  second  eruptiou  of  lava  has  formed  caate  of  the 
consumed  truuke  in  basalt.* 

14.  MoTTKT  Etka, — Thia  volcanic  cone,  which  is  aituated 
in  the  Island  of  Sicily,  and  is  entirely  composed  of  erupted 
mineral  aubstancea,  rieea  majestic^y  to  the  height  of  up- 
wards of  two  miles  (or  10,872  feet),  the  circumference  of 
its  base  exceeding  180  miles  :  on  a  clear  day  it  may  be  dis- 
tinctly seen  from  Malta,  a  distance  of  150  miles.  Compared 
with  this  prodigious  maas  of  igneous  prodiirta,  Veauviua 
einks  into  inaignificance ;  for,  while  the  lava-atreamfl  of  the 
latter  do  not  exceed  aeven  miles,  those  of  Etna  are  ofleu 
irom  fifteen  to  thirty  miles  in  length,  and  five  miles  in 
breadth,  and  irom  fifty  to  one  hundred  feet  in  thicknees.f 
The  Burface  of  Etna  preaents  three  distinct  regions  :  around 
the  haae  for  an  extent  of  twelve  miles,  the  country  is  richlj- 
cultivated,  and  abounds  in  viney^ds  and  pastures,  and  Is 
the  site  of  many  towna,  monaateriea,  and  villages.  The 
middle  or  temperate  zone  above,  is  covered  with  forests  of 
oak  and  chestnut,  and  a  luxuriant  vegetation  reaches  to 
within  a  mile  of  the  summit.  Above  this  all  is  sterility  and 
desolation,  and  the  highest  point  of  the  mountain  is  covered 
with  eternal  snow.  The  crater  is  about  a  quarter  of  a  mile 
in  height,  and  three  quarters  of  a  mile  in  circumference, 
and  is  situated  in  the  centre  of  a  gently  inclined  plain,  three 
miles  in  diameter.  Prom  the  crater  a  column  of  vapour 
Gonertantly  iasuea,  emanating  &om  the  mass  of  incondeacent 
mineral  matter  which  fills  up  the  interior,  and  may  be  seen, 
in  a  state  of  ebullition,  in  the  fumarolea  or  chaams  in  aome 
of  the  lateral  crevices,  of  which  there  are  generally  several 
accessible. 

Etna  is  recorded  as  having  been  in  a  state  of  activity  be- 
fore the  Trojan  war ;  and  ever  since,  at  varying  intervals, 
violent  eruptions  have  occurred.    In  an  eruption  in  1660, 

*  Physicat  DeKiiption  of  Nev  South  Wales. 
t  Dr.  Daubeuy  on  Volcano*. 
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the  torreat  of  Uva  inundated  a  space  of  fourteen  miles  in 
length,  and  four  In  breadth;  burying  beneath  it  6O0O 
yillas  and  other  habitatioDB,  with  part  of  tbe  citj  of  Catania, 
and  at  length  filing  into  the  sea :  during  several  months 
before  the  lava  burst  out,  tbe  old  mouth',  or  great  crater,  was 
obserred  to  send  forth  more  amoke  and  flame  than  usual, 
and  tbe  top  fell  in ;  so  that  the  cone  became  much  lowered. 
In  1809,  twelve  new  craters  opened,  about  half-way  down 
the  mountain,  and  threw  out  rivers  of  burning  lava,  by  which 
several  estates  and  farms  were  covered  to  the  depth  of 
thirty  or  forty  feet :  and  in  1811,  other  vents  appeared  on 
the  eastern  side,  and  discbai^d  torrents  of  liquid  lava  with 
amazing  force. 

In  1832,  a  violent  paroxysm  took  place,  and  continued 
with  but  little,  intermission  for  several  weeks:  "On  the 
Slat  of  October,  in  the  middle  of  the  night,  there  arose, 
without  any  previous  indication,  a  column  of  smoke  and 
flame  from  the  base  of  the  large  cone,  on  the  northern  side ; 
and,  shortly  after,  an  immense  quantity  of  fluid  matter  was 
discharged  trom  the  crater,  on  the  western  aide,  and  divided 
into  numerous  streams.  Next  morning,  repeated  earthquakes, 
the  increased  noise  of  the  lava,  which  now  flowed  rapidly, 
and  the  immense  volumes  of  thick  black  smoke  at  the  foot 
of  Monte  Scavo,  announced  that  the  eruption  had  greatly 
increased  in  violence,  and  several  streams  of  lava  were  seen 
descending.  On  the  2nd  of  November,  contrary  to  all  ex- 
■  pectation,  the  eruption  ceased,  and  the  lava  was  found  to  be 
so  fer  cooled,  that  several  adventurous  observers  were 
enabled  to  get  upon  it,  and  walk  a  few  paces.  On  the  3rd, 
the  hope  that  the  fire  was  almost  extinct  was  nearly  certain; 
but,  in  the  evening,  a  violent  earthquake,  followed  by  several 
smaller  ones,  with  a  freah  quantity  of  smoke,  foretold  a  fresh 
eruption ;  and  two  hours  before  midnight,  another  severe 
shock  occurred,  and  was  succeeded  by  black  smoke  mingled 
with  flames,  and  incessant  thunder. 
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"  Haring  approached,"  uja  Sigoor  di  Luca,  "  aa  nearly  as 
WM  prudent  to  the  hallow  from  which  the  fire  issued,  we 
found  four  apertures,  which  threw  out  burning  matter. 
Kaieiag  our  eyes  irom  these  vente,  we  obserred  a  clefl  or 
rent,  about  a  mile  in  length,  from  which  rolnmee  of  smoke 
arose  from  time  to  time;  and,  as  at  the  bottom  it  reached 
the  openings  above  mentioned,  it  enabled  us  to  behold  the 
burning  furnace  in  the  interior  of  the  mountain.  Meanwhile, 
the  thunder  waa  incessant,  and  the  detonations  were  ter- 
rible ;  the  lava  continued  to  flow  ;  and  enormous  maasea  of 
red-bot  substwiceB  were  thrown  to  a  great  height,  mingled 
with  vast  volumes  of  flame  and  smoke.  The  shocks  of 
earthquake  were  likewise  so  violent,  that  horses,  and  other 
animals,  fled  in  terror  from  the  places  where  they  were 
feeding."  ^ 

15.  The  Tal  del  Bote. — But  by  far  the  most  interest- 
ing feature  of  Etna  is  an  immense  depression  or  excavation 
on  the  eastern  side  of  the  mountain,  caUed  the  Val  del  Bow. 
This  vast  plain,  or  rather  circular  hollow,  is  five  miles  in  dia- 
meter, and  from  two  to  three  thousand  feet  in  the  height  of 
its  hounding  precipices,  which  in  most  places  are  nearly 
perpendicular.  This  remarkable  area,  according  to  some 
observers,  has  resulted  from  the  giving  way  and  subsidence 
of  part  of  the  crust  of  the  volcano,  from  some  violent  action 
in  the  interior,  which  occasioned  the  sudden  removal  of  an 
enormous  mass  of  mineral  matter.*  This  plain  is  encircled 
by  subordinate  volcanic  mountains,  some  of  which  are  co- 

*  Sudden  depregaions  of  Qie  surliice  of  the  land  are  not  nnlrequetit 
concomitanlH  of  subterraneBn  movements,  and  occaeionally  produce  (he 
moat  frightful  cataatrophea.  In  1772,  PapundayBng,  one  of  the  largest 
volcanos  in  the  laland  of  Jars,  suddenly  sank  down  vitb  a.  (erriflc  noiae, 
and  an  area  fifteen  miles  long  and  six  vide  vas  swallowed  up ;  many 
hundred  penona  and  forty  villages  were  destroyed,  being  either  ingulfed 
with  Ihe  sunken  mass,  or  oTerwhelraed  by  the  roleanic  matter  that 
issued  forth,  and  spread  orer  the  aurronnding  country  to  a  considerable 
diatsnce.    The  original  mountain  was  diminished  4000  (bet  in  hei^t. 
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rered  by  toKwtB,  while  others  are  bare  and  arid,  like  many 
of  the  cones  of  Auvei^e.  The  walls  or  cliffs- surrounding 
this  depression  are  formed  of  euccessiYe  layers  of  lava  of 
rariable  thickness,  with  interposed  beds  of  tuff,  ashes,  and 
igneous  conglomerates  of  different  colours  and  degrees  of 
fineness.  They  slope  downwards  towards  the  sea  at  an 
angle  of  from  twenty  to  thirty  degrees,  and  have  evidently 
been  formed  at  various  intervals  by  successive  eruptions 
&om  the  top  of  the  mountain,  and  were  continuous  before 
the  subsidence  took  place  which  gave  this  region  its  present 
character. 

Mr.  Sorope,*  however,  argues  that  the  evidence  advanced 
for  this  view  of  the  case  is  not  canclusiTe,  and  that  the  whole 
of  the  wanting  mass  of  materials  in  this  hollow  on  the  side 
of  Etna  may  hare  been  blown  away,  just  as  "  entire  moui:^ 
tains,  of  a  magnitude  fitr  exceeding  that  of  Vesuvius  and 
Somma  itself^"  have  been  blown  into  the  air  by  eruptive 
violence. 

The  perpendicular  sides  of  this  natural  amphitheatre  are 
everywhere  marked  by  vertical  walls  or  dykes,  which  not 
only  intersect  the  concentric  sheets  of  lava  and  tuff,  but 
standing  out  in  bold  relief,  like  prodigious  buttresBes,  impart 
a  most  eitraordinary  character  to  the  scene ;  the  greater  in- 
duration of  these  intruded  dykes  having  enabled  them  to 
resist  the  denuding  action  which  baa  removed  the  less  co- 
herent preexisting  erupted  materials.t  These  buttresses 
are  from  two  to  twenty  feet  in  thickness,  and,  being  of  im- 
mense height,  ore  extremely  picturesque ;  some  of  them  are 
composed  of  trachyte,  and  others  of  blue  compact  basalt 
vrith  olivine.  The  surface  of  the  plain  is  wild  and  desolate 
in  the  extreme,  presenting  the  appearance  of  a  tempestuous 
sea  of  liquid  lava,  suddenly  congealed.  Innumerable  cur- 
rents of  lava  are  seen  piled  one  upon  the  other ;  some  of 
which  terminate  abruptly,  while  others  have  extended  across 

•  Quart.  Jouin.  Geol.  Soc.  vol.  lii.  p.  330.       f  See  above,  p.  832, 
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the  Vfll,  and  de»c«iided  in  caseadee  into  the  lower  fertile 
regions,  where  they  nre  spread  out  in  sterile  tracts  amid  the 
Tineyards  and  orange-groveB.* 

The  varied  and  picturesque  scenery  of  Etna,  the  pheno- 
mena of  volcanic  action  which  are  there  so  etrikingly  ex- 
hibited, as  well  as  those  which  have  taken  place  in  periods 
long  antecedent  to  human  history  and  tradition,  but  of 
which  the  natural  records  remain,  are  described  by  Sir 
C.  Lyell  with  that  vigour  and  fidelity  which  characterize  all 
the  productions  of  his  pen  ;  and  his  works  should  be  con- 
sulted by  those  who  desire  fully  to  comprehend  the  nature 
of  some  of  the  most  interesting  physical  changes  which  are 
in  progress  on  the  sur&ce  of  our  planet.f 

16.  Volcano  of  Kilaitea.— Of  the  existing  volcanos, 
those  of  Eilauea  and  Mauua  Loo,  in  Hawaii,}  exhibit  vol- 
canic  action  in  its  most  sublime  and  imposing  aspect.  The 
island  of  Hawaii,  which  is  about  seventy  milce  long,  and 
covers  an  area  of  4000  square  mUes,  is  a  complete  mass  of 
volcanic  matter,  perforated  by  innumerabte  craters.  It  is  in 
fact  a  hollow  cone,  rising  to  an  altitude  of  16,000  feet,  hav- 
ing  numerous  vents  over  a  vast  incandescent  mass,  which 
doubtless  extends  beneath  the  bed  of  the  ocean ;  the  island 
forming  a  pyramidal  funnel  from  the  furnace  beneath,  to  the 
atmosphere.  Mauna  Loa  {great  or  long  mountain)  is  the 
apex,  and  bears  an*  enormous  crater.  Indeed  Kilauea,  or 
Kirauca,  is  but  a  lateral  crater  to  Mauna  Loa,  The  follow- 
ing account  of  a  visit  to  the  latter  crater,  by  Mr.  Ellis, 
affords  a  striking  picture  of  the  splendid  but  awful  spectacle 
which  this  volcano  at  the  time  presented. 

•  See  Captain  BmU  Hall's  mteresting  deacription  of  a  visit  to  Ihe  Val 
del  Bove,  "  Pitchvork,"  vol.  iii.  p.  31. 

t  "  Principles  of  Geology,"  chap,  iiri.  See  also  Duibeuy's  "  Vol- 
CBUos,"  2nd  edit.  chap.  15. 

X  Hawaii,  one  of  the  Saodwicb  Islands,  is -veil  known,  onder  lite  name 
of  Owhyhee,  as  the  scene  of  the  murder  of  Captain  Cook. 
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"Alter  travelling;  over  extensile  pUiiu  and  climbing  rugged  tteeps, 
all  beuing  testimony  of  igneoui  origin,  tlie  cratei  of  Kilauea  suddenly 
burst  upon  onr  view.  We  found  ounelve*  on  the  edge  of  s  ateep  pro- 
ciptce,  with  a  vaat  plain  beToie  us,  fifleen  or  aiiteen  miles  in  circum- 
ference, and  sunk  from  (wo  hundred  to  four  hundred  feel  below  ir< 


original  level.  The  surllice  of  this  plain  was  imerea,  and  strewed  over 
with  large  stones  and  vulcanic  rocks ;  and  in  the  centre  of  it  was  the 
great  crater,  at  the  distance  of  a  mile  B.nd  a  half  from  the  precipice  an 
which  we  were  standing.  We  proceeded  to  the  corthem  end  of  the 
ridge,  where,  the  sides  being  less  steep,  a  descent  to  ihe  pUin  below 
seemed  practicable  ;  but  it  required  the  ((reatesi  caution,  as  the  stones 
and  fragments  of  rock  frequently  gave  way  under  out  feet,  and  rolled 
down  from  aboTC.  The  sleep  which  we  had  descended  was  formed  of 
volcanic  matter,  apparently  of  light-red  and  grey  vesicular  lava,  tying  in 
horizontal  beds,  varying  in  thickness  from  one  to  forty  feet.  In  a  few 
places  the  different  masses  were  rent  in  perpendicular  and  oblique  dl- 
Teclions,  from  top  to  bottom,  either  by  earthquakes,  or  by  other  violent 
convulsions  of  the  ground.  Aflet  walking  some  distance  over  the 
plain,  which  in  several  places  ao-jnded  hollow  beneath  onr  feet,  we 
came   to   the  edge  of  the   great  sraler.     Before   us  yawned   an  im- 
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menM  folf  in  (ha  form  of  a  Greaceni,  about  two  milea  in  leogUi  from 
uortlf-eut  to  loutli-WMt,  one  mile  in  width,  and  800  feet  deep.  The 
bottom  wu  cotered  with  Uth,  and  the  sourh-weet  and  northeni  pans 
weie  one  Tail  flood  of  bntniog  matter.  Fift;-one  conical  iaiuidj  of 
varied  form  and  liie,  cooUiniDg  u  many  cralen,  rose  either  round  Ibe 
edge  or  from  Ihe  turfkce  of  the  burning  lake.  Twenty-lwo  conatantljr 
emilled  either  columns  of  grey  amoke  oi  pyramids  of  brilliant  Same ;  and 
at  tha  aame  lime  Tomited  from  their  ignited  mouths  streams  of  lara, 
whiih  rolled  in  blaiing  lonenls  down  their  black  indented  sides  into  the 
boiling  mssa  below  (see  Lign.  2M).  The  existence  of  these  coqIcb] 
ciUBis  led  us  lu  conclude,  that  the  boiling  cauldron  of  lain  did  not  form 
the  focus  of  the  volcano,  but  that  this  liquid  mass  was  comparatively 
shallow,  and  that  iha  basin  which  coutained  it  was  sepaiaied  by  a  atra- 
lum  of  solid  matter  frum  the  great  vulcanic  abyss,  which  conslanllj 
poured  out  its  melted  conlenM  through  these  numerous  craters  into  thi« 
upper  reservoir.  We  were  further  inclined  to  this  opinion  from  the  vast 
columns  of  vapour  continually  ascending  from  the  chasms  in  the  vicinitj 
of  the  sulphur-banks  and  poola  of  water  ;  for  they  must  have  been  pro- 
duced by  other  fire  than  that  which  caused  the  ebullition  m  the  lava  at 
tlie  bottom  of  the  great  crater;  and  also  by  noticing  a  number  of  small 
vents  in  vigorous  action  Ugh  up  the  aides  of  the  great  gulf,  and  apparently 
quite  detached  from  it.  The  etieams  of  lava  which  they  emitted  rolled 
down  into  the  lake,  and  mingled  with  the  melted  mass,  which,  thougli 
thrown  up  by  different  aperiarea,  had  perhaps  been  originally  fused  in 
one  vast  fiimace.  The  sides  of  the  gulf  before  us,  atthough  composed  uf 
different  beds  of  ancient  lava,  were  perpendicular  for  about  400  feet,  and 
rose  from  a  wide  horiioutal  ledge  of  solid  black  lava,  of  irregular  width, 
but  extendinjt  completely  round.  Beneath  this  ledge  the  sides  sloped 
fradualty  towards  the  burning  take,  which  woa,  u  nearly  as  we  could 
judge,  three  or  four  hundred  feet  lower.  It  was  evident  that  the  large 
crater  had  been  recently  filled  with  liquid  lava  up  to  this  ledge,  and  had, 
by  some  subterranean  channel,  emptied  itself  into  the  sea,  or  upon  the 
low  land  on  the  shore  ;  and  in  all  probability,  this  evacuation  had  caused 
the  inundation  of  the  Kapapola  coast,  which  look  place,  as  we  aflerwanh 
learned,  about  three  weeks  prior  to  our  visiL  The  grey  and  in  aome 
places  apparently  calcined  sides  of  the  great  crater  before  us — the  fisiure* 
which  intersected  the  surface  of  the  plain  on  which  we  were  standing — 
the  long  banks  of  sulphur  on  the  opposite  sides  of  the  abyss — the  vigor- 
ona  Ocliou  of  the  numerous  small  craters  on  its  borders — the  dense  co- 
lumns of  vapour  and  smoke  that  rose  out  of  it,  at  tbe  north  and  south 
ends  of  the  plain,  together  with  the  ridge  of  steep  rocks  by  which  it  was 
surrounded,  rising  three  or  four  hundred  feet  in  perpendicular  height — 
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preunted  in  immense  Tolcaaic  panoruna,  Uie  eSect  of  vtiich  tu 
gmtly  augmented  bj  the  consttml  nwrmg  of  the  Tut  fumocei  beloir."* 

17.  Mb.  Stewakt'b  tibit  to  Eiladba. — In  June,  1826, 
Mr.  Stewart,  ttccompftnied  by  Lord  Byron  and  a  p»ty  from 
the  Blonde  frigate,  went  to  Kilauea,  and  descended  to  the 
bottom  of  the  crater. 

"  The  general  aspect  of  the  crater,"  obserrea  Mr.  Stewart, 
"  may  be  compared  to  that  which  the  Otsego  Lake  would 
present,  if  the  ice  with  which  it  is  covered  in  winter  were 
suddenly  broken  .up  by  a  heavy  storm,  and  aa  suddenly 
frozen  again,  while  large  slabs  and  blocks  were  still  top- 
pling, and  dashing,  and  heaping  against  each  otber,  with 
the  motion  of  the  waves.  At  midnight  the  volcano  sud- 
denly began  roaring  and  labouring  with  redoubled  activity, 
and  the  contusion  of  noises  was  prodigiously  great.  The 
sounds  were  not  fixed  or  confined  to  one  place,  but  rolled 
from  one  end  of  the  crater  to  the  other ;  sometimes  seeming 
to  be  immediately  under  us,  when  a  sensible  tremor  of  the 
ground  on  which  we  lay  took  place ;  and  then  again  rush- 
ing on  to  the  fiuiihest  end  with  incalculable  velocity.  Almost 
at  the  same  instant  a  dense  column  of  heavy  block  smoke 
was  seen  rising  from  the  crater  directly  in  front,  the  sub- 
terranean struggle  ceased,  and,  immediately  after,  fiames 
burst  from  a  large  cone,  near  which  we  had  been  in  the 
morning,  and  which  then  appeared  to  have  been  long  in- 
active. Bed-hot  stones,  cinders,  and  ashes  were  also  pro- 
pelled to  a  great  height  with  immense  violence ;  and,  shortly 
after,  the  molten  lava  came  boiling  up,  and  flowed  down  the 
sides  of  the  cone  and  over  the  surrounding  scoriffi,  in  most 

'  EUia's  Polrneuan  Reseeichee,  toI.  it.  See  alio  Daoa'i  account  of 
the  Hawaiian  Volranoe,  in  hia  "  Geology  of  the  United  Stales  Exploring 
Expedition,"  1849;  and  notices  hy  Messra.  Coan,  Weld,  and  oihera  in  the 
American  Journal  of  Science,  and  the  Journal  Oeol.  Soc.  1S56  and 
isa? ;  also  LyeU's  "  MauoBl,"  p.  491 ;  and  De  la  Beohe's  "  Oeol.  Ob- 
server," 2nd  edit  p.  333,  &c. 
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besutiful  cnrred  streams,  glittering  with  ■  brilliancy  quite 
indescribable.  At  the  same  time,  a  whole  lake  of  fire 
opened  in  a  more  distant  part.  This  could  not  have  been  less 
than  two  miles  in  circumference,  and  its  aspect  was  more 
horribly  sublime  than  anything  I  ever  imagined  to  exist, 
even  in  the  ideal  yisions  of  unearthly  things.  Its  surface 
had  all  the  agitation  of  the  ocean ;  billow  after  billow  tossed 
Its  monstrous  bosom  into  the  air ;  and  occasionally  those 
from  different  directions  burst  with  such  violence,  as  in  the 
concussion  to  dash  the  fiery  spray  forty  or  fifty  feet  high. 
It  was  at  once  the  most  splendid  and  feiuful  of  spectacles."* 

Tlie  folloiriiig  account,  by  M.  Slnelecki.t  of  the  toIcsdIc  phenomena 
in  Hawaii  in  to  highljr  intereaiing,  that  I  am  induced  Ui  insert  it  entire. 
"  The  Tolcano  of  Kirauea  (Kilnuea)  liea  on  the  N.W.  side  of  Malum  Boa 
(Hanna  Loa),  about  tveutj  miles  iiom  llie  sumiiiit  of  that  mounlain,  and 
foit;  from  the  Bay  of  Hilo  ;  its  latitude  is  19°  27  '.  lU  present  site  aui- 
passes  that  of  eiery  other  knottii  toIcbhd,  yet  it  nov  hardly  displays 
mote  than  one-tbird  of  its  original  magnitude.  Its  crater  must  hare  once 
been  twenty-four  miles  is  cLicumfeTeace,  as  evidenced  b<r  the  still  re- 
maining niiiu  ofita  ancieDt  walls ;  the  highest  point  of  which  is  5054  feet 
above  (he  level  of  the  sea.  The  sunken  furnace  of  Kiranea  is  now  re- 
duced to  eig^t  miles  of  circumfersoce,  the  present  crater  being  4109  feet 
in  height  above  the  aea ;  wbich  is,  therefore,  at  least  950  feet  below  the 
brim  of  the  ancient  crater.  The  edge  of  this  precipice  falls  perpendicu- 
Uily  GOO  feet  lower,  to  the  boiling  enrface  of  igneous  matter.  The  de- 
BCenl  to  this  level  is  often  precipitous,  and  winds  among  a  thousand 
openings,  which  vomit  forth  hot  vapours,  from  an  area  thickly  strewed 
with  tabular  mawea  of  smoking  lava.  Like  the  ice  in  a  blocked-up 
channel,  these  tabular  mosses  remain  either  standing  on  end,  or  heaped 
in  horiionlBl  or  half-raised  beds,  and  gaping  with  fissures  over  feorfnl 
cavities,  resounding  nllh  noises  similar  to  those  of  a  stormy  sea.  Six  of 
theM  wra«  in  violent  agitation  while  I  was  exploring  the  crater.  The 
Buriace  of  (he  fiery  matter  in  all  of  them  kept  at  about  the  same  height, 
•nd  lose,  sank,  and  was  agitated  simuluneaosly,  which  seems  to  show 
that  it  belonged  (o  one  mass  of  liquid  luva,  filling  the  whole  area  of  the 
interior  of  the  crater,  and  that  these  cavities  are  mere  openings,  and  the 
heaps  of  broken  hiva  which  block  up  part  of  the  crater  are  a  temporary 

*  Lord  Byron's  Voyage  in  tha  Slondt  frigate,     f  New  South  Wales. 
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over  the  incandeacent  mui  benntli.  The  Ura  of 
b«  Bimilu  to  (hM  of  Hecia,  which  U  known  nnder 
1 '  and  which,  by  the  inteiuily  of  its  heal,  and  the 
abundance  of  its  elaatic  gaaaa,  prodnces  here,  aa  in  Iceland,  tumelactioni, 
varying  from  the  thickness  and  delicacy  of  a  soap-hubbte,  to  the  size  of 
carenia  twenty  or  thirty  feel  wide,  Tliesa  caTsma,  which  extend  in 
every  direction,  form,  beneath  the  anrface  of  the  laland,  Bablemmean 
channela,  though  which  the  overflowing  lava  makes  ita  way,  and  ate 
oAea  covered  by  a  hollow  arch,  which  yields  at  once  to  the  tiead.  Their 
inteiioi  contains  the  roost  inteiestiog  incrustation*  of  aublimed  minerals, 
with  cryatalline  forms,  the  perfection  of  which  can  hardly  be  appreciated 
without  the  aid  of  a  micioecope,  and  ao  delicate  a«  icaicely  lo  bear  the 
breath.  Mounds  of  sulphur,  more  eiteniive  than  thoae  of  Solfatara,  are 
deposited  around  the  southern  plane  of  the  crater. 

"  On  the  vreatem  flank  of  the  crater  above  descTibed,'the  appearances 
render  it  probable  that  the  fonoer  surface  of  the  iacandescent  matter 
was  300  feet  higher  up  than  it  is  at  present ;  and  that  the  opening  of  the 
crater  of  HaunaRoa,  which  ia  now  8000  feet  above,  diverted  the  course  of 
the  intense  subtettanean  heat  &am  that  of  Kirauea,  or  at  least  diminished 
ita  intenaity.  It  seema,  also,  that  the  incandescent  matter  of  the  interior 
of  the  crater  became  refrigerated  and  aoUdified  in  the  mighty  cauldron  ; 
and  that  ailel  a  hlpse  of  time  (he  base  on  which  it  stood  gave  way,  nnder 
the  renewed  agency  of  subterranean  heat,  when  the  mass  cracked  and 
slipped.  A  large  mass  of  the  solidified  lava  appears  to  have  fallen  again 
into  the  abjrsa,  and  been  remolten ;  while  a  part  remained  lodged  against 
the  sides  of  the  cauldron,  and  is  now  seen  as  a  rock  two  hundred  feet 
high,  consisting  of  basalt,  trachyte,  and  lava  of  several  varieties.  Be- 
tween the  BcoriaCeons  lava  approaching  to  slag,  which  lies  uppermost,  and 
the  tilose-grained  basalt  which  forma  the  loweat  portion  of  the  rock,  the 
transition  is  so  gradual,  that  it  is  impossible  to  saaign  the  Spot  where 
basalt  ceases  and  lava  begins.  The  words,  basalt,  trachyte,  and  lava 
serve,  therefore,  only  to  distinguish  (he  npper  fhim  (he  lower  part  of  a 
stream  of  moUan  matter." 

18.  Thb  Volcano  of  JoEriLO, — la  South  Amerita 
volcanic  action  has  been,  imd  is  still,  exerted  over  an  im- 
mense  extent  of  country  ;  and  the  vents  of  the  Bubterranean 
fires  extend  to  the  loftiest  summits  of  the  Andes. 

In  the  parallel  of  the  city  of  Mexico  there  are  no  less 
than  five  burning  mountains — Tuxtla,  Orizaba,  Popocatepetl, 
Jomllo,  and  Colima — arranged  aa  if  they  originated  in  an 
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immense  fluiire,  traTeraiDg  the  regioa  from  east  to  tcett, 
ftnd  extending  from  sea  to  sea. 

The  elerftted  countiy  which  constituteB  the  province  of 
Quito  is,  BH  it  vere,  an  arch  or  dome,  spread  over  an  im< 
mense  focus  of  volcanic  enei^y,  of  which  the  channels  of 
cummunicatioa  with  the  atmosphere  are  the  burning  moun- 
tains of  Pichincha,  Cotopasi,  and  Tuoguragua.  These,  hj 
their  grouping,  as  well  as  by  their  lofty  elevation  and  grand 
outline,  present  the  most  sublime  and  picturesque  aspect 
which  is  anywhere  concentrated  within  so  UDall  a  space  in 
volcanic  landscape. 


Sn^tion  of  Jorullo. — South  America  has  been  the  theatre, 
in  modem  times,  of  one  of  the  most  eitraordinaiy  rercOu- 
tiona  in  the  anuala  of  the  physical  history  of  our  planet, — 
that  which  gave  rise  to  the  huming  mountain  of  Jorullo.* 
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In  Mexico  there  ia  an  extensive  plain  called  the  J^lfoyt, 
which  was  covered  hj  fields  of  cotton,  sugar-cane,  and 
indigo,  irrigated  by  streams,  and  bounded  by^  basaltic  moun- 
tains, the  nearest  active  volcano  being  at  the  distance  of 
eighty  miles.  This  district  is  situated  at  an  elevation  of 
about  2600  feet  above  the  level  of  the  sea,  and  was  cele- 
brated for  its  beauty  and  extreme  fertility.  In  June,  1759, 
alarming  subterranean  sounds  were  heard,  and  these  were 
accompanied  by  frequent  euthquakea,  which  were  succeeded 
by  others  for  several  weeks,  to  the  great  consternation  of 
the  neighbouring  inhabitanta.  In  September  tranquilH^ 
appeared  to  be  reestablished,  when  in  the  night  of  the  28th 
the  subterranean  noise  was  again  heard,  and  part  of  the 
plain  of  the  Malpays,*  &om  three  to  four  miles  in  extent, 
rose  up  like  a  mass  of  viscid  fluid,  in  the  shape  of  a  bladder 
or  dome,  to  a  height  of  nearly  1700  feet ;  flames  issued  forth, 
fragments  of  red-hot  stones  were  thrown  to  prodigious 
heights,  and  through  a  thick  cloud  of  ashes,  illumined  by 
volcanic  fire,  the  eoftened  surface  of  the  earth  was  seen  to 
swell  up  like  an  agitated  sea.  A  huge  cone,  above  500  feet 
faigh,  with  Ave  smaller  conical  mounds,  suddenly  appeared, 
and  thousands  of  lesser  cones  (called  by  the  natives  homitot, 
or  ovens)  issued  forth  from  the  upraised  plain  (,Lign.  201). 
These  consist  of  clay  intermingled  with  decomposed  basalt, 
each  cone  being  a  Jumarole,  or  gaseous  vent,  from  which 
issued  thick  vapour.  The  central  cone  of  Jorullo  is  still 
burning,  and  on  one  side  has  thrown  up  an  immense  quan- 
tity of  scorified  and  basaltic  lava«,  containing  fragments  of 
old  crystalline  rocks.  Two  streams,  of  the  temperature  of 
186*  of  Fahrenheit,  have  since  burnt  through  the  argillaceous 

—Cannot,  Bohn'i  Edit.  Tot.  L  p.  227,  note.     Burekhardt  aUtea,  that 
during  the  twent^-rour  yew»   ittibaeqaent  lt>  Bkioii  Humboldt's  visit 
to  Lurullo,  Ibe  Aomitof  had  either  vholl;  diwppeared  or  completelj 
dunged  their  fonn. — Etittn  in  Mexioe,  &e. 
*  The  tnct  conaltled.  of  poTphjrilic  lodca. 


DgilizeclbvCoOglC 


87*  THE  WOMDEM  OF  G8OLO0T.  LKt.  TIIL 

v&nit  of  the  homitos,  and  now  flow  into  the  Deigbbouring 
plains.  For  many  jean  niter  the  first  eruption,  the  plains 
of  Jorullo  were  uninhabitable  from  the  intense  heat  that 
prevailed. 

19.  SuBMABiRK  YoLCAVOB. — Yolcanic  eruptions  take 
place  indiscriminately  either  ou  the  land  or  beneath  the 
waters  of  the  ocean.  The  igneous  foci  of  Southern  Italy  are 
certainly  not  confined  to  the  land,  but  extend  beneath  the  bed 
of  the  Mediterranean  ;  and  of  this  the  occasional  appearance 
of  new  ahoals  and  islands  affords  conclusiTe  evidence.  Livy 
informs  us  that  an  event  of  this  kind,  which  took  plaM 
about  the  period  of  the  death  of  Hannibal,  together  with 
other  volcanic  phenomena,  so  terrified  the  Soman  pei^le, 
as  to  induce  them  to  decree  a  supplication  to  the  gods,  to 
avert  the  displeasure  of  heaven,  which  these  prodigies  were 
supposed  to  denote.  "  Nuntiatum<]ue  erat  baud  procul  Si- 
cili&  insulam  qu»  nunquam  ante  fuerat  novam  editamemari 
esse." — LiTT,  lib.  ixiii.  c.  56. 

In  Iceland,  which  may  be  regarded  as  a  partially  sub- 
marine  volcanic  mountain,  with  the  highest  summits  above 
the  waters,  eruptions  are  not  restricted  to  the  area  of  dry- 
land ;  but  often  burst  out  in  submarine  volcanos  off  the 
coasts.  The  enormous  eruptions  which  issued  from  three 
different  vents  in  the  low  tract  called  Shaptar  Jokul,  in  1783, 
and  poured  out  lawcurrents  many  miles  wide,  and  ninety 
long,  was  preceded  by  the  appearance  of  volcanic  cones, 
vomiting  flames  and  vapour,  in  the  neighbouring  sea,  many 
miles  from  the  land.* 

A  highly  interesting  example  of  the  emergence  of  a  sub- 
marine volcano  took  place  in  1831.  A  volcanic  island  sud- 
denly arose  in  the  Mediterranean,  about  thirty  miles  off  the 
8,W.  coast  of  Sicily,  where  previous  soundings  had  aseer- 
tained  the  depth  of  the  sea  to  be  600  feet.    It  was  preceded 
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by  a  violent  spouting  up  of  steam  and  water,  aud  at  length 
a  Bmall  island  gradually  appeared,  having  a  crater  on  its 
summit,  which  ejected  scoritB,  ashes,  and  volumes  of  vapour  j 
the  sea  around  was  covered  with  floating  cinders  and  sho^ 
of  dead  fishes.  The  crater  attained  an  elevation  of  nearly 
200  feet,  with  a  circumference  of  about  three  miles,  having 
a  circular  basin  full  of  boiling  water  of  a  dingy  red  colour. 
It  continued  in  activity  for  three  weeks,  and  then  gradually 
disappeared.  The  islaiid  received  various  names  ;  but  it  is 
best  known  by  the  English  name  of  "  Graham's  Island,"  and 
the  French  one  of  "I'lsle  Julia."    In  1833,  two  years  after 


its  destruction,  a  dangerous  reef  remamed,  eleven  feet  under 
the  water ;  in  the  centre  of  which  was  a  block  volcanic  rock 
(probably  the  remains  of  the  solid  lava  ejected  during  the 
eruption),  stirrounded  by  shoals  of  scorira  and  sand.  The 
appearance  of  the  island,  when  visited  by  M.  Constant 
PrtvoBt,"  is  shown  in  this  sketch  (Ligti.  202),  from  a  draw- 
•  See  his  "  Rapport  lur  la  Voynge  i  I'lle  Julia  en  1B3I  et  1831" 
Alsu  Anaalea  des  Sc.  Nal.  1831,  vul.  xiit.  p.  103. 
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ing  with  which  he  fiiTouied  me.  From  theae  facta  it  is  cer- 
tain that  a  hill,  800  feet  high,  wu'  hrare  formed  hj  a  Bub- 
tnarine  volcanic  Tent  in  the  coune  of  a  few  weeks.  The 
occurrence  of  ehoala  of  dead  fleh  will  not  iail  to  remind  yoa 
of  the  ichthyoUtes  of  Monte  Bolca  (p.  269)  :  and  there  can 
be  no  doubt  that  vast  numbera  were  ingulfed  in  the  erupted 
mineral  maaseB  at  the  bottom  of  the  aea;  and  when  this 
ocean-bed  ahall  be  elevated  above  the  waters,  and  explored 
by  some  AgaaeiE  of  future  times,  the  then  foeeil  fish  of  the 
Mediterranean,  imbedded  in  volcanic  tuff,  will  afford  in- 
teresting subjects  for  the  contemplation  of  the  geologist  and 
tbe  philosopher. 

20.  SuHUABT  07  YoLOAino  PHEiroMxiiA. — I  have  in- 
dulged in  the  foregoing  long  extracts,  because  tbe  vivid  pictures 
which  they  present  of  volcanic  action  cannot  &il  to  produce 
a  powerful  impression  on  the  mind,  and  c^use  it  to  revert 
to  the  principles  enunciated  in  the  first  Lecture,  wbicb  sug- 
gest tbe  probability  that  tbe  earliest  condition  of  the  earth, 
and  of  the  worlds  around  us,  may  have  been  that  of  vapour 
or  fluidity  (p.  48).  Here  we  see  the  most  solid  and  durable 
materials  of  the  globe  reduced  to  a  liquid  state— seas  of 
molten  rocks,  with  their  waves  and  billows,  tbeir  surge  and 
spray,  giving  birtb  to  torrents  and  rivers,  wbicb,  when  cooled, 
become  the  hardest  and  most  indestructible  mineral  masses 
on  the  surface  of  our  planet  1 

The  constant  escape  of  aeriform  fluids  &om  volcanic 
vents,— the  irresistible  force  which  such  elastic  vapours 
exert  when  pent  up  and  compressed— an  effect  with  which 
our  steam-boata  and  locomotive  engines  have  made  every 
one  familiar, — and  the  immense  production'  of  sucb  gaseoua 
elements  which  must  be  taking  place  in  the  interior  of  the 
globe  from  tbe  igneous  action  which  is  going  on  unremit- 
tingly, afford  a  satis&ctory  explanation  of  the  nature  and 
cause  of  earthquake^,*  and  of  those  elevatory  movements  hy 

•  See  "Geol.  Obsorrer,"  3nd  edit.  p.4I5,&c.j   Dsobeuj's  "Vol- 
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whi{di  the  foimdatioiiB  of  the  deep  are  broken  up,  and  raised 
into  chains  of  mountains,  thousanda  of  feet  above  the  level 
of  the  sea.  The  volcanic  vents  are,  in  fact,  the  eafety- 
valvea  by  which  the  caloric  and  the  gaseous  fluids  from  the 
interior  of  the  earth  escape  into  the  atmosphere ;  when  these 
channels  become  choked  up,  the  confined  gases  occasion 
earthquakes,  dislocations  of  the  rocks  and  strata,  and  eleva- 
tions of  the  land,  and  at  length  escape  either  through  the 
former  vents  or  by  opening  new  channels.  Hence,  in  the 
language  of  Humboldt,  the  volcanic  force  must  be  contem- 
plated  as  firmative  of  new  rocks ,  and  traiuformative  of 
those  which  were  preexisting.  But  the  volcanic  operations 
nowgoingon  sreonlyafaintly  reflected  image  of  that  energy 
which  took  place  in  the  earliest  geological  epochs,  imder 
very  different  terrestrial  and  atmospheric  conditions.  The 
vast  chasms  and  fissures  which  it  is  probable  existed  in  the 
solid  portions  of  the  earth's  crust  in  the  ancient  periods, 
from  the  contractions  which  must  have  taken  place  before 
refrigeration  had  proceeded  so  iar  as  to  admit  of  accumula- 
tions  of  aqueous  sediments  on  the  primary  mineral  masses, 
have  since  been  closed  by  the  protrusion  of  mountain-chains 
through  them,  or  filled  up  by  dykes  of  granite,  porphyry, 
and  basalt.* 

As  the  fragments  of  unmelted  rock,  which  are' occasionally 
thrown  up  from  the  foci  of  volcanos  apparently  of  enormous 
depth,  consist  of  granite,  quartzoee  porphyry,  and  the  like, 
some  philosophers  are  of  opinion  that  a  primitive  granitic 
rock  was  the  substratum,  and  is  the  support,  of  the  super- 
imposed sedim^itaiy  and  fossiliferous  strata. 

Intense  heat  and  <diemical  changes,  which  evolve  gaseous 
vapoura  and  fluids,  are  necessarily  the  immediate  elements 

HUM,"  2nd  edit  p.  507,  Ac;   uul  especially  Plullir^'s  "Manual  ot 
Geology,  1H55,"  p.  560,  for  a  i^nim^  of  die  Utett  resettrcheB  uid  opioiotu 
an  ettrthqiukea  and  theii  cau9«. 
■  CoamOf,  ToL  i.  p.  197,  &c. 
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in  TtJcanic  action ;  and  the  volume  of  gas  and  vapour  is  oftrat 
so  great  aa  to  uplift  the  molten  Uvo,  and  at  length  to  burst 
through  and  escape  in  Tiolent  explosions.  Without  being 
able  to  determine  the  precise  nature  of  the  first  link  in  the 
chain  of  volcanic  action,  we  may  reasonably  infer  that  the 
play  of  electro-chemical  and  electro-magnetic  forces,  which 
must  be  incessantly  going  on  among  the  beterogeneons 
mineral  substances  of  which  the  earth  consists,  is  a  main 
agent  in  producing  the  varied  effects  we  have  been  con- 
templating.* 

Many  ingenious  theories  have  been  proposed  to  account 
for  the  immediate  cause  of  volcanic  action.  Of  these,  the 
oxidation  of  the  met^c  bases  of  certain  earths  and  alkalies 
by  percolations  of  water  into  deep-seated  beds  of  these 
substances,  suggested  by  Sir  Humphrey  Davy,  is  still  power- 
fully advocated  by  a  high  authority — Dr.  Daubeny;  but 
proof  that  such  bases  do  exist  in  a  metallic  state  in  the  in- 
terior of  the  earth  is  required,  before  the  hypotbesia,  bow- 
ever  ingenious,  can  be  admitted  as  a  vera  eaa»a.f 

From  the  late  researches  of  Wohler,  DeviUe,  and  Dau- 
beny, it  appears  that  boron  and  titanium,  and  probably  other 
metals,  such  as  iron,  and  possibly  even  hydrogen,  under 
certain  conditions,  unite  with  gaseous  nitrogen  with  such 
energy  as  to  generate  light  and  heat;  thus  constituting  a 
genuine  case  of  combustion  in  which  nitrogen,  and  not  oiy- 
gen,  acts  as  the  supporter.  The  combination  of  these  sub- 
stances would  thus  furnish,  like  the  oxidation  of  potassium 
and  other  metalloids,  a  direct  cause  of  volcanic  fire ;  and  the 
subsequent  decomposition  (rf  their  nitrides  might  be  the 

*  The  Tsrioua  theories  that  have  been  propoMd  to  explain  Toloanic 
actiiHi  are  considered  vith  freoi  candour  and  perapicuity  by  Sir  H.  de 
la  Beche,  in  hia  "  Reaearchea  in  Theoietlcat  Geolojty."  See  alao  Dau- 
beny, op,  cit,  chapters  38  and  39. 

t  The  pheaooiena  attendant  on  the  combitiilion  of  oxygen  wilh  po- 
tasaium,  sodium,  &c. — the  rapid  and  violent  e>'o]ution  of  heat,  light,  and 
expuwve  foice — moit  be  familiar  to  the  intelligent  reader 
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origin  of  the  ammouia  often  evolved  from  vokanoB  in  vast 
quantities.* 

Another  hypothetical  cause  of  volcanic  action  has  been 
brought  forward  by  Mr.  S,  Macadam,t  based  on  the  knowa 
conditions  of  bodice  in  a  "  spheroidal "  state.  Arguing  &om 
the  properties  of  water  in  a  spheroidal  state,  Mr.  Mac- 
adam suggests  that  water,  having  access  to  subterranean 
cavities  connected  with  the  central  nucleus  of  fused  mineral 
matter,  assumes  the  spheroidal  condition,  until,  a  large 
quantitr  of  water  having  collected  together,  it  takes  suf- 
ficient heat  from  the  metallic  surface  to  destroy  the  equi- 
librium of  repulsion,  and,  touching  the  metallic  basin,  it  is  in 
great  part  suddenly  converted  into  steam, — the  mineral  sub* 
stances  are  chemically  afieoted, — and  large  quantities  of  ez< 
plosive  vapour  and  gases  soon  acquire  sufficient  force  to  raise 
great  tracts  of  land,  and  to  burst  through  the  surface,  bring* 
ing  up  the  fused  materials  of  volcanoe. 

It  is  worthy  of  remark  that  there  are  active  volcanos  both 
in  the  Arctic  and  Antarctic  regions.  Sir  James  Sobs  ob- 
serves that "  the  earth's  crost,  as  we  approach  towards  the 
pole  in  the  southern  hemisphere,  presents  the  moat  striking 
indications  of  the  vast  subterranean  fires  pent  up  within  it, 
— and,  as  we  now  find,  having  vent  in  both  the  frigid  zones : 
the  volcano  of  Jan  Mayen  actively  burning  within  the  Arctic 
Circle ;  and  Mount  Erebus,  rising  from  the  lofty  mountain 
range  of  the  newly-discovered  continent  of  Victoria,  to  an 
altitude  of  more  than  12,000  feet  above  the  Antarctic  Ocean, 
and  sending  forth  its  smoke  and  flame  to  the  height  of  2000 
feet  above  its  crater,  the  centre  of  volcanic  action  in  those 
regions  of  eternal  snow."} 

•  Geol.  Proceed.  January  20.  1S5S. 

t  In  a  piper  "  On  the  CenWal  Heat  arid  Deiuity  of  the  Globe,  ae  aleo 
the  Causes  of  Volcanic  Phenomena,"  Report  Brit.  Aseoc.  1850,  rep.  lect. 

t  Sir  J.  C.  Roe;l'a"Voyage  tolheSoDthi^m  Seas" 'ul- U.  p.  412. 
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21.  HTPOBMra  RooEB." — "We  must  now  enter  npon  a 
more  p&rticulaT  examination  of  the  Sgpogene  (nether-formed) 
or  mettunorphio  and  plutonic  rocki ;  f  tfaoae  cryBtaUise 
rock-masnei  wMch  ererTwhere  nuunfeet  the  influence  of  in- 
tense heat  under  great  preoBure.  It  will  be  convenient  to 
conBider  them  under  two  Leads  :.  viz.  lat,  the  rocks  which 
present  a  stratified  or  laminated  structure,  as  mica-schisl^ 
gneiss,  £c. ;  2ndly,  those  which  occur  in  amorphous  mjusee, 
as  granite,  porphyry,  Ac.  \  including,  in  this  group,  the 
ancient  volcanic  products,  trap-rocks,  basalt,  &c,  a  notice  of 
which  we  found  it  requisite  to  anticipate,  when  investigating 
the  foesiliferouB  strata  traversed  b;  dykes  of  these  sub- 
stances. 

And  here  it  is  necessary  to  premise,  that  an  acquaintance 
with  the  nature  and  appearance  of  the  minends  that  we  the 
usual  components  of  crystalline  rocks  is  indispensable  to 
enable  the  reader  to  have  a  clear  conception  of  the  isitAa 
that  will  come  under  his  notice.  This  knowledge  can  only 
be  acquired  bythe  study  of  specimens;  and  it  would  be  useless 
to  attempt  by  mere  description  to  teach  the  elements  of 
mineralogy.  In  those  Lectures  I  must  assume  either  that  snch 
knowledge  is  possessed  by  my  readers,  or  that  they  will  rest 
satisfied  with  a  general  idea  of  the  leading  phenomena  em- 
braced in  this  division  of  the  subject. } 

•  See  vol.  L  p.  206. 

t  Foi  guide-books  in  the  Mudj'  of  the  chuacteta  and  cItLMiAcaticm  of 
rocki,  the  reader  'a  referred  to  tboie  b;  MaccuUoch,  Biongniart,  Cordier, 
Cotta,  Etdmaiin,  Nautnann,  Senft,  Dana,  &c. 

X  The  eUmentary  mineralogical  knowledge  aecesaarj  for  this  purpose 
may  be  acquired  bj'  the  stud;  of  a  suite  of  gpecimetu  to  be  obtained  of 
Hr.  Tennant,  149,  Strand,  Frofeeaor  of  Mineralogy  in  King's  College. 
If  the  student  can  have  the  adTantage  of  a  few  private  leisoni  from  Mr. 
Tennant,  or  can  attend  the  lecturea  delivered  in  King*!  College,  or  those 
by  other  Professon  at  the  London  University  College,  the  School  of 
Hinea,  and  other  Inslitutiona,  his  progresa  will  be  more  rapid  and  satis- 
faclorf  (hui  by  any  other  method.  For  the  advanced  itudeni,  the 
"  System   of   Mineralogy,"   by  Junes  D.  Dana  (new  edition).  New 
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Mieaschiat  and  Qneitt. — The  etratified,  laminated,  or  foli- 
ated  metamorphic  •  rocks  consiBt  of  two  chief  groups.  The 
flret,  and  usually  uppermost,  is  MktMckUi,  a  schiHtoae  rock, 
abounding  in  a  mineral  called  mica  (from  its  glittering  ap- 
pearance), aad  in  quartz,  a  subHtance  of  which  rock-crystals 
uid  the  Bemi-trauBparent  pebbles  common  in  most  beds  of 
Bhiugle  or  beach  are  examples.  These  two  minerals  are  dis- 
posed in  alternate  layers,  forming  lamina  of  greater  or  less 
thicknesB,  which  are  extremely  contorted  and  undulated. 
Some  of  these  masses,  especially  in  the  upper  portion,  bear  a 
considerable  resemblance  to  the  metamorphic  argillaceous 
schists  ;  the  lower  are  of  a  more  quartzose  character,  probably 
{roia  Laving  been  subjected  to  a  greater  degree  of  igneous 

Qnein\  consists  of  laminated  and  contorted  bed-like 
masses  of  quartz,  felspar,  and  mica,  irregularly  alternating ; 
and  may,  in  truth,  be  regarded  as  laininated  granite,  for  the 
same  substances  enter  into  their  composition  as  prevail  in 
the  amorphous  masses  of  that  rock.  Qneisn  is  often  found 
associated  and  alternating  with  mica-schist,  quartz-rock, 
clay-slate,  and  hard  granular  limestone.  The  whole  series 
of  stratified  metamorphic  beds  may  therefore  be  considered 
as  partaking  of  one  common  mineralogical  character,  and, 
with  the  exception  of  the  calcareous  rocks,  may  have  origin- 
ated irom  the  disintegration  and  subsequent  consolidation 
of  more  ancient  crystalline  masses. 

The  stratified  appearance  of  gneiss  snd  mica-schist  is 
attributed  by  some  geologists  to  an  arrangement  of  crystals 
of  different  specific  gravities  in  horizontal  planes ;  their 
subsequent  acjtening  by  beat  admitting  of  the  flexuositles 

York  J  Brooke  ind  Miller's  edition  of  Phillips'  Mineralogy;  Nicol's 
Minerals^;  tnii  MitcheU  uid  TeDniijit,'a  MineinloKy  (Orr'e  arcle),«ill 
be  fbund  among  the  beat  worka  on  the  subject  in  the  English  lui^age. 

•  The  metamorphic  rocks  are  termed  "hypoioio"  (or  htloiB  Hft) 
rocks  by  Phillipa:  see  bis  "  Muiuat,"  chap.  t. 

+  A  Gennaa  muiing  teim. 
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of  these  tocIu.  Others  *  believe  that  melted  granite,  upon 
cooling  under  particular  circumBtancea,  would  aBaume  a 
stratified  or  ribboned  appearance,  analogous  to  that  of  gneiss ; 
or  might  eren  resemble  in  structure  some  aqueous  sedimentg. 

From  the  researebes  of  Mr.  H.  C.  Sorby  it  ia  evident  that, 
whilst  Bome  mica-schists  are  truly  sedimentary  laminated 
beds,  formed  of  the  debris  of  older  granitic  rocks,  others  are 
altered  rocks,  which  owe  their  foliated  character,  as  in  the 
case  of  clearable  slate'rocka  (p.  835),  to  violent  pressure  (and 
perhaps  chemical  changes)  at  periods  subsequent  to  their 
original  formation.  | 

There  are  various  substances  associated  with  this  group,  as 
homblende-echist,  a  bla<^  or  grey  rock,  chlorite-schist,  a 
green  slaty  rock,  and  the  beautiful  mottled  magnesian  rock 
called  Serpeatine,  vrith  steatite ;  the  latter  are  often  con- 
nected with  trap. 

Granite  (so  named  from  its  granular  structure)  is  the 
foundation  upon  which  all  the  strata  of  which  we  have 
spoken  ore  superimposed,  and  the  fi^mework  of  the  earth's 
crust ;  rising  to  the  loftiest  heights,  and  stretching  iut< 
mountain-chains,  which  mark  the  grand  natural  divisions  of 
the  physical  geography  of  the  globe. 

Although  presenting  great  variety  in  the  proportion  and 
colour  of  its  ingredients,  granite  is  essentially  composed  of 
three  substances,  which  may  be  easily  reoognised  in  the 
blocks  of  which  many  of  our  pavements,  bridges,  roads, 

•  Especiatlj'  Naumuin  and  Scrope ;  "  Considentioiu  on  Votcanos ; " 
Neues  Jnlitb.  1847,  p.  297 ;  Quart.  Journ.  Oeol.  Soc.  vol.  It.  part  2, 
Miscell.  p.  1;  ibid.  vo\.  liLp.  346;  &nd  sboie,  p.  8^6. 

t  Report  Brit.  Assoc.  1856,  rep.  »eot,  p.  78.  In  a  paper  by  Mr.  D, 
Porbes.  "Oiithe  Relations  of  the  Silurian  snd  Metamorpliic  Rocka  of  the 
South  of  Norway,"  in  the  Edinburgh  New.  Phil.  Joum.  new  »erie«, 
Janiiai;,  1856,  we  have  an  ingenious  attempt  to  ihow  that  (he  folinled 
Toclu  ofmuch  oT  that  district  can  be  hypotheticalljr  related  to  certain  more 
ur  less  horizontal  line*,  at  right  angles  to  the  eziiting  rertical  planes  of 
the  achista,  and  representing  (he  line*  of  bedding  prevloue  to  the  melamoi^ 
phic  changes  which  hare  induced  their  present  vertical  foliation. 
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and  other  works  are  constructed.  These  are  mtca,  known 
by  ite  silvery  or  gUttering  aspect, — quarlx,  by  its  glassy  ap- 
pearance,— and  feUpar,*  which  forms  the  opaque  white, 
pink,  or  yellowish  masses,  oftentimes  seen  in  sections  as 
long  angular  crystals,  which  from  their  size  and  colour  may 
be  readily  detected,  even  by  the  unscientific  observer.  In 
some  species  of  granite,  talc  and  hornblende  occur,  and  the 
mica  is  wanting ;  in  the  former  case  the  rock  is  called  pro- 
iogine  ;  in  the  latter  tymile :  those  masses  which  are  com- 
posed of  crystals  of  felspar  in  a  base  of  compact  felspar  con- 
stitute porphyry. 

M.  Bischof  states  that  it  may  be  demonstrated  mathema- 
tically that  all  the  sedimentary  strata,  and  aU  the  substances 
enclosed  in  drusy  cavities,  are  derived  from  the  plutonie 
crystalline  rocks ;  these  have  furnished  the  materials,  and 
water  has  conveyed  the  quartz,  calcareous  spars,  heavy  spars, 
metals,  and  other  substances  which  fill  such  cavities. 

One  of  the  most  important  advances  towards  a  knowledge 
of  the  exactnature  and  origin  of  granite  has  been  made  by  Mr. 
H.  C.  Sorby,  in  his  memoir, "  On  some  Peculiarities  in  the 
Microscopical  Structure  of  Crystals^  applicable  to  the  deter- 
mination of  the  Aqueous  or  Igneous  Origin  of  Minerals  and 
Socks,"  read  before  the  Geological  Society  in  December, 
1857.  In  this  paper  many  curious  facts  were  described, 
relating  to  the  minute  cavities  contained  in  nearly  all 
crystals,  and  sometimes  occupied  by  fluid,  sometimes  by 
stony  matter;  and  it  was  shown  that  many  crystals  must 
have  formed  when  both  melted  rock  and  water  were  present ; 
this  water  being  in  such  an  expanded  state  as  would  indicate 
a  red  heat,  since  some  of  the  "  fluid-cavities  "  in  the  crystals 
serve  as  self-registering  thermometers.  It  turns  out  that 
granite  is  a  rock  that  was  formed  in  this  way.     It  is  an 

*  Kaolin  or  porceluo-euth  ii  formed  b;  the  decompoiition  oF  oUta- 
liiie  felspar.  "  See  M£moiie  tur  lea  Kaolini  ou  argilfs  k  porcelaine."  bj 
U.  Alei.  Brangnian ;  ArcfaiTei  du  Miu^uiii  d'Hii  .  Nat.  1839  and  1341. 
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squeo-igneous  rock ;  being  really  due  to  combined  agency 
of  both  water  and  fire :  and  hence,  obeenreB  Mr.  Sorby, 
have  ATiBeii  the  discuBeions  oe  to  which  it  is — Neptunian 
or  Plutonic.  Indeed  Mr.  Sorby  finds  in  Bome  minerals  eject- 
ed from  volcanoB,  and  probably  formed  deep  down  at  their 
base,  conditionB  analogous  to  those  which  he  obserres  in 
granite.* 

22.  Mica-schist  amd  Gkxibb. — These  rocks  are  widely 
spread  over  and  around  the  masBOB  of  nnstratified  plutonic 
rocks.  They  occur  in  Caernarvon  and  Cumberland,  but  are 
of  inconsiderable  eiteut  in  England.  In  Scotland  they  ex- 
tend over  great  port  of  the  Highlands,  and  largely  prevail 
in  the  Hebrides ;  they  form  mountain-rangea  in  the  north 
of  Ireland,  and  cover  large  ueas  in  Londonderry  aud 
Donegal. 

The  gneiss  of  the  Northern  Highlands  is  of  two  distinct 
agee.  There  id  theald  gueissof  Cape- Wrath  and  the  shores 
of  BoBsbire,  on  which  rests  the  Cambrian  conglomerates  of 
the  Bobs  Mountains  (see  p.  806)  ;  and  the  younger  gneias- 
ose  rocks  of  the  eastern  part  of  Sutherland,  which  overlie 
the  fossiliferoiis  limestones  of  Dnrness,  and  are  altered  strata 
of  Silurian  age.  An  instance  of  secondary  gneiss  resting 
on  lias  occurs  in  Switzerland. 

The  most  striking  features  of  these  rocks  are  the  flexures 
and  contortions  in  which  they  are  so  generally  folded ;  prov- 
ing the  soft  and  ductile  state  in  which  the  component  ma- 
terials must  have  eiiated  ;  for  they  present  every  variety  of 
sinuosity  and  curvature  imaginable. 

The  Isle  of  Lewis  (one  of  the  Hebrides),  so  admirably 
illuatrated  by  Dr.  Macculloch,  is  remarkable  for  the  contor- 
tions observable  in  its  precipitoM  cliffs  of  gneiaa,  and  the 
innumerable  granite-veins  with  which  tbey  are  traversed. 
The  face  of  the  rocky  cliffs  appears  like  veined  marbled 
papery  and  the  imagination  can  scarcely  conceivo  an  intri- 
"  See  Appendii  A. 
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cacy  or  intorlamiaation  of  this  natnre,  of  which  »  rem 
blance  could  not  be  found  in  the  cliffB  of  Lewis* 

From  the  decomposition  and  fallinfi:  away  of  the  t 


rounding  parts  of  the  rocka  near  Oreby,  an  intereetiug,  per- 
haps Roiitary,  example  occurs  of  a  bent  and  detached  mass 

of  gneiss,  about  thirty  or  forty  feet  high  (£ijn.  203),  and 
which  forma  a  highly  interesting  and  picturesque  object. 

23.  CoNTOKTiOKB  OF  OKTSTALiaiTB  BOCKB. — The  cur- 
vatures and  flerares  of  rocks  lai^ly  composed  of  quartz  is 
a  subject  of  great  interest  in  another  point  of  view,  because 
it  bears  upon  the  question  as  to  the  solution  and  deposition 
of  silej ;  a  process  which  appears  to  have  been  going  on  in 
the  cruat  of  the  earth  from  the  formation  of  the  most 
ancient  granitic  rocke  to  the  depoeita  now  in  progress. 
I  have  before  remarked,  that  the  appearance  of  some  of  the 
•  We^iern  Isl^a.  p.  193. 
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silicious  infiltrations  in  the  tissues  of  sponges,  veatriculites, 
and  other  zoophytes,  and  even  in  tbe  intimate  atructuie  of 
wood,*  when  seen  under  a  highly  magmfying  power,  is  that 
of  a  viscid  fluid,  or  ptastio  paste,  pressed  into  the  interstices 
of  the  tissue,  rather  than  that  of  Uie  percolation  of  a  mineral 
solution,  or  of  a  metamorphisiu  of  the  organiam,  as  in  other 
examples  of  silicified  animal  and  vegetable  stiructures. 

EsperimentB  have  shown  that  melted  quartz,  unlike  alu- 
mina, retains  its  viscidity  for  some  time  when  cooling,  and 
may  be  drawn  out  in  threads  ;t  luid  M.  Jobert  states,  that 
in  graphic  granite  he  haa  fouud  the  quartz-crystals  in  the 
midst  of  the  felspar  flattened  and  contorted,  as  if  they  had 
been  strongly  pressed  between  the  felspathic  matter.) 

These  &ctB  seem  to  offer  an  explanation  of  the  flexures 
and  curvatures  in  quartz-rocks  and  gneiss :  and  they  are 
brought  forward  by  Mr.  Darwin,  with  hia  usual  acumen,  to 
illustrate  the  origin  of  the  remarkable  duplications,  and  ab- 
ruptly arched  positions,  of  the  stratified  quartz-rocks  in  the 
Falkland  Islands.  Some  of  the  hills,  he  observes,  are  com- 
posed of  quartz-strata  doubled  on  themselves,  with  the  axis- 
plane  thrown  quite  over, — the  quartz  must  therefore  have 

'  Aatoi  example,  in  some  of  Ihe  fonil  vood  from  Egypt  and  AiutroU^ ; 
UB  p.  727. 

t  M.  Gaudin,  quoted  by  Mr.  Darwin. 

}  M-  AleiBr^er  BionKoiut  allributes  the  formation  of  oil  agates  and 
cbalcedoniea  tu  the  viacoiu  or  gelatiuoua  condition  of  the  mineral  matter; 
Aod  thai  of  hjaline  quartz  and  rock-crystal  to  the  perfect  fluidity  of  the 
diaaolved  silica.  "  Lonque  la  silice  a  iti  comptiCement  dtssoute,  et  par 
cjins6queiit  dana  un  £tat  de  liquidity  pajfaitf,  elle  a  criatallis^  et  produit 
le  quarz  hyalin.  Mais  loiaqu'elle  6tait  en  consiatance  g^latineuae,  elle  a 
produit  les  silez  et  suitout  ceux  qu'on  d^aigne  par  ia  nom  g^^ral  d'agaCe 
et  de  calcMojn£." — Sinii  lur  let  OrbieiJti  nlittux.  Ana.  Sciences  Nat. 
1631,  vol.  izxiii.  p.  200. 

In  the  specimen  of  Trigoaia  from  Tisbury,  pceTioiialy  mentioned 
(p.  527],  tha  branc&M  are  comptetaly  lilicified ;  and  some  of  these  flla- 
menla.  when  examined  under  a  high  power,  show  llie  orbicuiar  at 
which  cbuacisrixes  chaloedonic  sih^. 
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been  in  a  paaty  rondttion  when  it  suffered  without  fracture 
Buch  abrupt  curratures.  Mr.  Darwin  states  that  the  de- 
tached concentric  layers  resembled  gigantic  semi-cylinders 
of  quarts,  like  draining-  or  ridge-tiles.  One  epecimen  was 
twenty  feet  long  and  twelve  in  diameter.* 

It  would  appear,  therefore,  that  silex  or  quartz  may  be 
fonned  in  two  ways :  by  the  action  of  thermal  waters 
(p.  93,  Ac.),  and  by  the  influence  of  intense  heat.  The  re- 
mark of  Professor  Eeilhau  here  applies  with  equal  force  as 
to  the  experiments  which  called  it  forth: — "The  greater 
part  of  the  crystalline  rocks  have  an  entirely  hidden  origin 
and  development.  Chemistry  alone  cannot  decide  this 
question,  for  the  same  minerals  can  be  composed  in  nature 
by  different  processes.  By  the  side  of  the  celebrated  fact 
which  showed  the  possibility  of  the  formation  of  felspar  by 
heat,  we  can  now  place  experiments  which  prove  the  pos- 
sibility of  producing  felspar  in  the  moist  way." 

Mica-Bchista  and  gneisBic  rocks  are  widely  expanded  over 
Europe  and  America;  and  everywhere  abound  in  metal- 
liferous veins.  They  are  of  various  ages ;  and  their  meta- 
morphic  character  is  proved  by  the  occurrence  of  gneiss, 
mica-Bchist,  and  talcose-Fchist  in  the  Alps,  Apennines, 
Andes,  and  Alleghanies  under  circumstances  showing  that 
their  crystalline  structure  lias  been  acquired  since  the  origin 
of  many  of  the  fossiliferous  strata ;  even  in  some  instances 
long  after  the  deposition  of  those  which  repose  directly 
upon  tbem.  On  the  other  hand,  the  gneiss  of  Einnekulle 
in  Sweden,  or  of  the  Falls  of  Montmorenci,  and  many  of 
the  unstratified  or  plutouic  rocks  of  the  Adirondach  moun- 
tains, west  of  Lake  Champlain,  are  of  older  date  than  any 
strata  in  which  organic  remains  have  yet  been  found.f 

In  the  !North  Highlands  of  Scotland,  as  already  stated 

■  Mr.  Dnrwin,  On  the  Geoloi^  of  [he  Falkland  lalandsi  Quarterly 
Geological  Joumftl,  vol.  i'.  p.  267. 
t  Sit  C.  Lyell's  Travcla  in  America,  vol.  li.  p.  \29. 
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{p.  809),  we  have  both  an  old  primordial  gneias  and  a  younger 
luetamorphic  gueisa  vitbia  a  section  of  a  few  miles  in 
length* 

24.  Babaiit  OB  Tb&p. — The  couaideration  of  the  ancient 
volcanic  rock  deeigTiated  by  the  variouB  names  of  Whin, 
Trap,  Batalt,  and  Clinkttone  will  next  engage  our  attention. 
Basalt  occurs  in  veins  or  dykes,  which  traverse  rocks  of  all 
agee  ;  it  also  occurs  in  layers  spread  over  the  Bur&c«  of  the 
strata,  or  interposed  between  them.  Many  modem  lavaa 
differ  so  little  from  basalt,  that  it  is  unnecessary  to  adduce 
proof  of  the  volcanic  nature  of  this  rock.  Dr.  Maccullocb 
observes,  that  from  lava  to  basalt,  and  &om  thence  to  syenite, 
porphyry,  and  granite,  there  is  an  uninterrupted  succession : 
at  agent*  in  geological  change*  trap  and  granite  are  identical; 
and  that  it  is  a  mere  dispute  about  terms  to  refuse  the  name 
of  submarine  lavas  to  basaltic  dykes.  They  are  as  much  the 
product  of  extinguished  volcanos,  as  the  basalts,  lavas,  and 
tuffs  of  Italy  are  the  result,  in  some  cases,  of  eitinct,  and, 
in  others,  of  active  volcanos.t  Beds  of  felspathio  and 
basaltic  materials,  of  a  friable  and  coarse  texture,  are  often 
found  in  the  older  rocks ;  these  are  volcanic  ashes  and  grits, 
that  have  been  formed  at  the  bottom  of  the  sea,  during  the 
accumulation  of  the  sedimentary  matter  with  which  they 
are  associated  (p.  818).  In  some  places  they  appear  as  car- 
rents  or  sheets  of  pure  volcanic  materials  j  at  others  they 
envelope  marine  remains,  pebbles,  sand,  and  fragments  of 
rocks;  some  layers  consist  of  fine  volcanic  scoriee  passing 
into  sand ;  and  all  these  varieties  alternate  with  beds  com- 
posed exclusively  of  shelly  and  marine  sediments ;  so  that 
no  doubt  can  be  entertained  that  the  diversified  masses,  thus 
arranged  in  parallel  strata,  must  have  been  formed  during 
the  same  period  of  igneous  action.  These  evidences  of  an- 
cient volcanic  operations  are  similar  to  those  observable  in 
the  modem  deposits  of  Sicily,  where  banks  of  existing  species 

•-See"Siliiria,"2ndedi1.p.l99.    t  Sjslem  orCsology,  vol.  u.  p.Ul. 
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of  marine  sheUs,  now  at  considerable  heighta  above  the  sea, 
are  80  intercalated  with  volcanic  matter,  that  no  other  in- 
ference can  be  drawn  than  that  the  whole  were  of  cnn- 
temporsneouB  marine  formation." 

The  moat  remarkable  fonn  aseumed  by  basalt  ia  that  of 
regular  pillara,  or  columns,  clustered  together ;  a  character 
also  observable  in  some  recent  lavaa ;  the  columnar  basalts 
of  the  tertiary  epoch  have  already  been  noticed  (vol.i.  p. 271). 
This  columnar  structure  has  been  proved,  by  some  highly 
intereating  experiments,  to  have  originated  in  the  manner  in 
which  refrigeration  took  place.  Mr.  Gregory  Wattf  melted 
seven  hundred  weight  of  basalt  from  Eowley  £egis  (p.  813), 
and  kept  it  in  the  furnace  several  days  alter  the  fire  was 


reduced.  It  fused  into  a  dark-coloured  vitreous  mass  vrith 
less  heat  than  was  necessary  to  melt  pig-iron ;  as  the  mass 
cooled,  it  changed  into  a  stony  substance,  and  globules  ap- 
])eared ;  these  enlarged  until  they  pressed  laterally  against 
each  other,  and  became  converted  into  poli/gonal  pri«m*.% 

•  Silurisn  Syslcm,  p.  75.       +  Philoaophical  TransacliOM  for  1804. 
t  "Geol.  Observer,"  p.  404. 
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The  articulated  itmctnre  aod  regular  forms  of  basaltic 
columnB  have,  unqueationably,  resulted  from  the  crystalline 
arrangement  of  the  particles  in  cooling ;  and  the  concavities, 
or  sockets,  have  been  formed  by  one  set  uf  prisms  pressing 
upon  others,  and  occasioning  the  upper  spheres  to  sink  int* 
those  beneath ;  thus  the  different  layers  of  spheres  hav« 
been  articulated  together,  as  in  the  basaltic  columns  of  the 
Giants'  Causeway  {Lign.  204). 

Proofs  of  the  correctneBs  of  this  inference  are  afforded  by 
the  occurrence  of  a  spheroidal  nucleus  enveloped  by  a  poly- 
hedral block  of  basalt ;  and  from  the  fact,  that,  when  this 
rock  is  not  divided  into  regular  prismatic  cotumns,  it  often 
forms  laminated  spheroids,  which,  varying  in  size,  constitute 
by  aggregation  extensive  masses.  The  position  of  the 
columns  presents  every  variety  from  the  perpendicular  to 


the  horizontal;  this  has  arisen  from  corresponding  differencen 
in  the  direction  of  the  cooling  surfaces,  for  the  priams  arc 
found  to  be  always  at  right  angles  with  the  surface  of  refri- 
geration ;  the  horizontal,  inclined,  and  curved  columns  oi 
basalt,  which  occur  in  the  Isle  of  Stafia,  and  elsewhere,  have 
origina^d  from  this  cause. 
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25,  Isle  of  Statpaj  Fikoaii'b  Cati. — Many  of  the 
HebrideB,  or  Western  Isles  of  Scotland,  are  almost  irholly 
composed  of  trap-rockB.  Of  these  Staffa*  is  the  moat  cele- 
brated, on  account  of  a  deep  chaam  or  recees  situated  in  a 
iDsgnificent  group  of  vertical  columnar  basalt,  and  which 
has  been  produced  by  the  incesBant  action  of  the  surges  ou 
the  base  of  the  cliff.  This  natural  cavern  is  of  eingular 
beauty,  and  is  known  to  the  English  tourist  by  the  name  of 
JVnyflf*  Cave;  but  it  is  called  by  the  islanders  Naimh-bim, 
or  the  Cave  of  Mnsic,  from  the  murmuring  echoes  occasioned 
by  the  billows,  which  in  rough  weather  dash  with  violence 
and  a  loud  noise  into  the  chasm. 

The  Isle  of  StalFa  is  a  complete  mass  of  columnar  basalt ; 
it  Ib  about  two  miles  in  circumferencfl,  and  forms  a  table-land 
of  an  irregular  surface,  being  surrounded  on  every  side  by 
steep  cliffs,  about  seventy  feet  high,  which  are  composed  of 
clusters  of  angular  columns,  possessing  from  three  to  six  or 
seven  aides.  It  ia  intersected  by  one  deep  gorge,  which 
divides  the  higher  and  more  celebrated  columnar  portion 
from  the  other  division  of  the  island.  At  the  highest  tides, 
tbe  columns  which  form  the  south-weatem  cliffs  appear  to 
terminate  abruptly  in  the  water ;  but  the  retiring  tide  ex- 
poses a  causeway  of  broken  columns  at  their  base.  The 
greatest  elevation  of  the  island  is  about  120  feet,  and  its 
surface  is  covered  with  soil  of  considerable  depth,  clothed 
with  herbage. t 

Fiugal's  Cave,  first  made  known  to  the  public  in  1772, 
by  Sir  Joseph  Banks,  is  on  the  south-east  comer  of  the 
island,  and  presents  a  magnificent  chasm  42  feet  wide,  and 
227  in  length.  The  roof,  which  is  100  feet  high  at  the 
entrance,  gradually  diminishcB  to  50,  and  is  composed  of  the 
projecting  extremities  of  basaltic  columns ;  the  aides  are 
formed  of  perpendicular  pillara ;  and  the  base  conaists  of  a 
causeway  paved  with  the  truncated  ends  of  similar  columna. 

■  Siaffa,  a  Norse  lerm,  ligiufyiDg  a  staff  or  column,   f  Dr.  Msccalloch 
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The  vaulted  uch  jHvsentB  a  singularly  rich  and  varied  effect; 
in  Bome  places  it  is  composed  of  the  ends  of  portions  of 
basaltic  pillars,  resembling  a  tessellated  muble  pavement ; 
in  others,  of  the  rough  surface  of  the  naked  rock;  while  in 
many,  stalactites  mingle  with  the  pillars  in  tiie  recesses,  and 
add,  by  the  contrast  of  their  colour^  to  the  pictorial  effect, 
which  is  still  fiirther  height^ned  by  the  eyer-varying  reflected 
light  thrown  from  the  surface  of  the  water  that  fills  tlie 
bottom  of  the  cave. 

The  depth  of.  the  water  is  nine  feet,  and  a  boat  can 
therefore  reach  the  extremity  of  tbe  cave  in  tolerably  calm 


weather ;  but,  when  the  boisterous  gales  of  that  northern 
clime  drive  into  the  cavern,  tbe  agitated  waves,  dashing  and 
breaking  against  tbe  rocky  aides,  and  their  roar  echoed  with 
increased  power  from  the  roof,  present  to  the  eye  and  ear 
such  a  scene  of  grandeur  as  bids  defiance  to  any  description. 
The  short  columns  composing  the  natural  causeway  before 
mentioned  continue  within  the  cave  on  each  side,  and  form 
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a  broken  and  irregular  path,  which  allows  s  ekiliiil  and  fear- 
less climber  to  reach  the  extremity  on  the  eastern  side  on 
foot:  but  it  is  a  task  of  danger  at  all  times,  and  impossible 
at  high  tide,  or  in  rough  weather.  It  would  be  useless, 
observes  Dr.  Macoulloch,  to  attempt  a  descriptioii  of  the 
picturesque  effect  of  a  scene  which  the  pencil  itself  is  inad^ 
quate  to  portray.  Even  if  this  cave  were  destitute  of  that 
order  and  symmetry,  and  ttiat  richnesB  arising  from  the 
multiplicity  of  its  parte,  combined  with  its  vast  dimensions 
tmd  simple  style,  which  it  poaseeses,  still  the  prolonged 
length,  the  twilight  gloom  half  concealing  the  playful  and 
varying  effects  of  reflected  light,  the  echo  of  the  measured 
surge  as  it  rises  and  falls,  the  transparent  green  of  the  water, 
and  the  profound  and  fairy  solitude  of  the  wooie  scene,  could 
not  &il  strongly  to  impress  a  mind  gifted  with  any  sense  of 
beauty  in  art  or  in  nature.* 

The  basalt  of  which  the  columns  are  composed  is  of  a 
dark  greenish-black  hue ;  a  thin  layer  of  eilicious  cement 
occurs  between  the  joints  or  articulations,  which  is  called 
mortar  by  the  islanders,  and. strengthens  their  persuasion 
that  this  wonderful  cave  is  the  work  of  art.  Another  cave, 
but  of  inferior  dimensions,  hes  at  a  short  distance ;  and  many 
others  of  less  note  are  seen  in  various  parts  of  the  cliffs,  into 
which  the  sea  breaks  with  a  noise  resembling  that  of  distant 
heavy  ordnance. 

26.  Strata  alteeed  by  cohtact  with  Basait. — In 
Ireland  a  magnificent  range  of  basaltic  pillars  extends  along 
the  northern  coast  of  Antrim.  It  consiata  of  an  irregular 
group  of  hundreds  of  thousands  of  pentagonal,  jointed, 
basaltic  columns,  varying  from  one  to  five  feet  in  thickness, 
and  irom  twenty  to  two  hundred  feet  in  height.  The 
structure  of  these  masses  I  hare  already  described ;  their 
prevailing  colour  is  a  dark  greenish-grey.  Along  the  shore, 
a  Tast  area  is  covered  by  the  truncated  ends  of  upright 
*  MiLcculloch's  Weaiem  I>le*. 
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ColumDB,  the  upper  parts  of  which  hare  been  swept  ava; 
by  the  action  of  the  waves.  The  surface,  therefore,  pre- 
sents the  appearance  of  a  pavement  composed  of  enormous 
angular  blocks  of  stone ;  whence  has  originated  the  popular 
name  of  the  QianU'  Cautewaif.  In  the  clifla,  a  natural 
cavern  has  been  excavated  by  the  inroada  of  the  waves,  about 
sixty  feet  high,  and  of  great  picturesque  effect ;  the  en- 
trance is  nearly  thirty  feet  in  width,  and  the  walls  are  formed 
of  dark  basalt. 

But  the  great  interest  of  this  spot,  in  a  geological  point 
of  view,  is  the  altered  structure  observable  in  the  sediment* 
ary  rocks  wherever  they  are  in  contact  with  the  basalt. 
The  Chalk,  in  this  part  of  Ireland,  constitutes  a  line  of  cliffs 
traversed  by  trap,  which  occurs  in  vertical  dykes,  and  in  ex- 
tensive beds,  and  has  a  columnar  structure. 


The  chalk-stratA  have  a  total  thickness  of  about  270  feet, 
and  rest  on  a  green  sandstone,  called  mullcUoe,  which  is  the 
equivalent  of  the  Upper  Greeusand  of  the  south-east  of 

•  See  the  Memoir  by  Conybeare  and  Buckland,  Gaol.  Trans,  vol.  iii. 
p.  196,  &c.  The  student  may  also  with  udvantoge  consult  Porttock's 
"  Report  on  Londoaderry,"  &c.  for  an  account  of  the  Challt  and  Basalts 
<if  the  Antrim  coast;  also  Mr.  E.  Hall's  paper  in  (be  Ediab.  New.  PhU. 
Joiira.  new  series,  vol.  ».  p.  53. 
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England  (vol.  i.  p.  801)  ;  it  contaiuB  fliut-uodules,  unmo- 
nites,  belemitee,  echinites,  terebratuln,  and  other  usual 
foBsils  of  the  cretaceous  formation. 

In  the  Isle  of  Sathlin,  nearl;  vertical  dykes  of  basalt  are 
seen  interaecting  the  chalk  (as  in  this  sketch,  lAgtt.  207), 
which  at  the  line  of  contact,  and  to  an  extent  of  several  feet 
from  the  wall  of  the  dyke,  is  completely  metamorphosed. 
Those  portions  of  the  chalk  which  have  been  exposed  to  the 
extreme  influence  of  the  trap  are  now  t,  dark-brown  crys- 
talline rock,  tbe  crystals  running  in  flakes,  like  those  of 
coarse  crystalline  limestone ;  in  the  next  state  the  rock  is  of 
a  saccharoid  structure ;  then  fine-grained  and  arenaceous  ;  a 
compact  vanety  wilh  a  porcellaneous  aspect,  and  of  a  bluish- 
grey  colour,  succeeds ;  this  gradually  becomes  of  a  yellow- 
ish-white, and  passes  insensibly  into  unaltered  chalk.*  The 
flints  in  the  hardened  chalk  are  either  of  ayellowisb  or  deep- 
red  colour,  and  the  chalk  itself  is  highly  phosphorescent.  The 
fossils  are  much  indurated,  but  retain  their  usual  appearance. 

To  the  south  of  Fairhead,  in  the  county  of  Antrim, 
syenite  traverses  mica-schist  and  chalk,  and  fragments  of 
the  latter  are  impacted  in  the  erupted  mass,  being  changed 
into  granular  marble.f  The  geological  structure  of  that 
part  of  Ireland  consists  of — 1.  The  underlying  rock,  Mica- 
schist  ;  2.  Coal>shale ;  S.  Triassic  strata ;  4.  Chalk.} 

In  this  place  it  is  necessary  to  remind  the  reader  of  the 
examples  of  intruded  basaltic  rocks  which  have  been  no- 
ticed in  the  former  part  of  this  lecture,  when  treating  of  the 
paleozoic  formations ;  viz.  the  trap  of  Dudley  (p.  700  and 
811),  of  the  Malvern  and  Abberley  Hills  (p.  815  and 
818),  Ac ;  the  toad-stones  of  Derbyshire  (p.  698),  and  the 

■  Dr.  Berger  on  the  Geological  Festarea  of  the  North-east  of  tretuid, 
Geol.  Ttuis.  lat  ler.  toI.  iii.  p.  172. 

t  The  beautiful  ataloaxy  marbls  of  Carrara  is  juianic  limestone. 
metanaTphosed  by  the  influence  of  contiguous  igneous  racks. 

X  Ur.  Griffithi,  Ttaiu.  Geol.  Soc.  2Dd  ser.  toI.  t.  p.  179,  &c. 
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Wlun-Bill*  of  Yorkshire.  The  latter  is  an  euormoua  ba- 
■nltic  dyke,  which  traversee  the  island  Irom  the  Tees  toBobin 
Hood'a  Bay,  and  intersects  all  the  Btrsita  trom  the  lowermoat 
beds  of  the  coal>meBBureB  to  the  oolite  inclusive. 

27.  Tbap-dtsxs  U!  thb  Iblx  or  Skye.— In  the  Isle 
of  Skye  the  intrusioiis  of  basalt  are  on  a  large  scale,  and 
present  many  important  and  instructive  eiaroples  of  the 
disturbance  and  altered  character  of  the  sedimentary  rocks, 
that  have  been  exposed  to  their  influence.  From  the 
numerous  sketches  that  illustrate  Dr.  U&cculloch'e  work  on 
the  Wefttem  Isles.f  I  have  selected  the  one  before  ub 
(Idgn.  208),  as  exhibiting  vertical,  oblique,  and  horizontal 


veins  or  dykes ;  a  large  mass  of  trap  is  seen  abutting,  at  a, 
against  the  sandvtone-atrata  e;  and  giving  off  a  thick  ho- 
rizontal stream,  which  sends  off  branches  both  upwards  (b) 
and  downwards  (d),  and  finally  divides  into  three  small 
veins  (c,  c,  c). 

In  the  elife  at  Straithwrd,  in  the  Isle  of  Skye,  the  sAod- 
stone-strata  are  traversed  by  numerous  vertical  :dykes  and 
veins  of  trap ;  and  the  latter  in  many  places  have  decom- 

•  See  Prof.  Sedgwick's  valuable  Memoirs,  on  the  Trap-rocks  of  Yorit- 
ghire  and  Durham,  In  the  TTaiuact.  Cambridge  Phil.  Soc.  vol.  ii.  p.  21, 
and  p.  139. 

t  This  work  aliould  he  referred  to,  in  order  to  obtain  an  adequate 
idea  of  the  extent  and  compleiity  of  the  trap-dykes  Mid  veins  in  the 
Isle  of  Skje  and  oDiere  of  the  Hebrides.  See  also  Mr.  GeikJe's  Meinnir 
ontheGeologir  of  Strath  in  Skye,  Qiuut.JourD.Geol.  S<«.  vol.  liv.  p.  15 
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posed,  and  left  perpendicular  fissures,  as  is  shown 
annexed  aketch  {lAgn.  209)  ;  the  re»erae  of  the  phi 
observable  in  the  Val  del  Bove  (p.  865). 


Porphyritic  dykes  and  veina  also  occur  abundantly  in  the 
same  island,  in  some  instances  protruding  through,  and  in 
others  spreading  over  clay-slate,  red  sandstone,  and  shelly 
limestone. 

In  some  of  the  slate-districts,  where  the  trap  baa  burst 
through  and  overflowed  the  strata,  fragments  of  slate  are 
found  imbedded  in  the  basalt,  appearing  to  have  been  de- 
tached from  the  rock  at  the  intrusion  of  the  lava,  and  en- 
veloped while  the  latter  was  in  a  state  of  fusion. 

Sometimes  the  fractures  and  displacements  of  the  strata 
are  on  so  small  a  scale  aa  to  exhibit  the  relative  connexion 
of  the  separated  portions,  as  shown  in  thia  sketch  of  trap 
intruded  between  sandstone,  in  the  Isle  of  Arran  {lAgn.  210, 
Jig.  4).  This  island,  which  is  the  largest  in  the  Firth  of 
Clyde,  presents,  like  the  Isle  of  W^ht  in  the  south-east  of 
England,  an  epitome. of  the  geology  of  the  neighbouring 
mainland.  There  "  the  four  great  classes  of  rocks — the  foa- 
siliferous,  volcanic,  plutonic,  and  metamorphic — are  aU  con- 
spicuously displayed  within  a  very  small  area,  and  with  their 
peculiar  characters  strongly  contrasted."  * 

■  Lyell's  Manual,  5th  edit.  p.  5S9.  I  much  regret  that  ray  UmiU 
will  Dot  \tAaal  of  a  detuled  naUce  of  Ihla  most  iDtereBting  inland  ;  and  I 
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28.  Gbakitk. — Varioui  modifications  of  the  compound 
mineral  termed  granite  (eee  above,  p.  682)  constitute  a  great 
proportion  of  the  hypogene  rocks,  and  are  found  almost 
eveiywhere  beneath  the  gneiaa  and  micB-Bcbist,  and  often 
in  contact  with  strata  of  the  secondary  and  even  tertiary 
formations.  In  the  Bkitish  lal^  granite  appears  in  Galway, 
Donegal,  Armagh,  and  Down,  Wicklow  and  Carlow ;  *  in ' 
Cornwall  and  Devon  ;  Fembrohesbire  ;  Angteeea ;  Kirkcud- 
brightshire ;  Aberdeenshire,  &a. ;  and  forms  the  nucleus  of 
Skiddaw,  Shapfell,  Ben  N^evis,  and  other  mountain-pe^s. 

Grtmite-vemg.^ — (ilranite  often  occurs  in  dykes  and  veins 
which  traverse  not  only  other  rocks,  but  also  the  preexist- 
ing masses  of  granite ;  proving  that  the  formation  of  this 
mineral  has  taken  place  at  various  and  distant  periods. 
Teins  are  flssures  or  chasms  produced  in  rocks  either  by 
mechanical  disturbance,  or  by  contraction  of  the  raaea  dur- 
ing it«  consolidation  or  reftigeration,  and  which  have  been 
filled  by  subsequent  infiltration  or  sublimation,  or  by  in- 
jections of  mineral  matter  in  a  state  of  fusion  from  a  sub- 
terranean source.  Although  many  metallic  veins  are  syn> 
chronous  with  the  rocks  they  traverse,  having  been  formed 
by  segregation  during  the  consolidation  of  the  mass,  yet  the 
veins  and  dykes  of  volcanic  matter  are  obviously  of  later 

miut  refer  Ifae  reader  lo  the  votk  cited,  and  lo  tbe  excellent  guide  to  Ihe 
Geolagj'  of  the  lale  of  Arran,  hj  Prof.  Ramsajr.  See  alio  Prof.  Phillips's 
"Manual  of  Geolagj,"  1855,  p.  503,  &c,,  foe  »ome  interesting  details  and 
■betchea  of  the  general  geology  and  plutonic  rocks  of  Arraiu 

*  Some  Instructive  obaerrationa,  b;  the  Rei.  Prof.  Haughlon,  on  the 
compoBition  of  some  of  the  Gronltea  of  Ireland,  illuetrated  by  nameroua 
Uialjsea,  and  accompanied  hy  remarliB  on  the  relative  distribution  of 
the  several  Tarieties  of  polaah^ranites  and  soda-groniles,  wilt  be  found 
in  the  Quarterly  Journal  of  the  Geological  Society,  vol.  liL  p.  171,  and 
also  in  a  second  Memoir  read  hefore  Ihe  Society  in  Jwiaary,  IS58. 

t  See  De  la  Beche'a  "  Geo).  Obserrer,"  2nd  edit.  p.  575,  for  descrip- 
tions and  illustration*  of  these  phenomena.    Also  Philtips'i "  Manual," 
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origin  than  the  beds  in  which  they  are  intruded.  Thus  the 
granite-veins  represented  in  this  diagram  (Xtyn.  210,  fig.  Vi 
are  newer  than  the  alate-rocke  which  the;'  penetrate. 


Granite-veina  traveraing  other  rocks  are  themaelveH  some- 
times intersected  by  intrusions  of  other  melted  materials. 
This  is  frequently  the  case  in  Cornwall  and  Devon,  where 
numerous  granitic  and  porphyritic  dykes  (called  «/t>anc{) 
traverse  both  the  granites  and  the  schists  Qeilla*)  of  that 

*  Phillips,  Encycl.  Hetrop.,  and  "  Mutual,"  p.  508. 
t  Dr.  Macculloch,  Geolog.  Trana.  and  "  WeMem  Islea." 
I  See  De  la  Beohe'*"  Report  on  CormTOll,"to., and  thBte>cellenlworl( 
onPhyiical  Oeology,  the  "Genl.  Obrarrer,"  b}r  the  same  talenledaulbol. 
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district.  Tbia  sketeh  (X^.  210,  Jig.  2)  representB  a  mara 
of  schistoHe  rock  croeaed  bj  granite- reins  {a,  a)  in  one  di- 
rection, aad  again  by  Teins  of  poFphjrj  {b,  h,  b),  which  cut 
through  both  the  achiat  and  the  gruiite.  When  gneiss  is 
interaected  hj  granite,  it  becomes  ahifted,  as  in  this  example, 
in  which  the  gnu]it«-veiDB  {Liyn.  210,  ^.  8,  a,  a,  a)  bare 
diaplaced  the  Uminn  of  gneias  (i,  h,  b).  Thue,  by  numer- 
ous obaerratione  of  phenomena  of  a  like  nature,  it  ia  now 
clearly  eatabliabed  that  granite  haa  been  ejected  during  the 
Silurian,  CnrboniferouB,  Juraaaic,  Cretaceoua,  and  even  Ter- 
tiary epocha. 

Vrhere  granite  haa  been  erupted  in  a  fluid  or  aoftened 
state  among  secondary  strata,  the  latter  are  invariably 
altered  near  the  line  of  junction ;  but  when  eontolidalfd 
masses  of  granite  have  been  protruded,  no  such  change  is 
observable.  Into  the  slate-rocks  of  the  Cumbrian  chain 
syenite,  porphyry,  and  greenstone  have  been  injected  in  a 
melted  state,  and  now  fill  up  fisaurea  produced  during  the 
general  movements  of  those  strata ;  but  the  central  nucleus 
of  crystalline  rock  exhibits  no  such  appearance. 

29.  GsANiTic  EBUPTiOKB. — In  the  Isle  of  Arran,  the 
granitic  rocks  were  evidently  erupted  in  a  atate  of  fusion, 
for  the  slates  are  penetrated  by  veins  of  granite  (Ligt-  210, 
Jig.  1)  ;  and  in  some  inatancea  are  changed  into  tine^Tainad 
mica,  or  bomblende>slate. 

M.  Sufrenoy  describes  granite-veins  traversing  chalk,  in 
the  Pyrenees,  which  have  converted  the  cretaceous  rock  into 
crystalline  limestone,  and  generated  in  it  veina  of  iron-ore. 
The  following  inatructive  tact  ia  noticed  by  M.  Elie  de  Beau- 
mont :  in  the  environs  of  Champoleon,  where  granite  cornea 
in  contact  with  Jurassic  limestone,  whatever  may  be  the 
position  of  the  surfaces  in  contact,  the  limeatone  and  the 
granite  both  become  metalliferoua  near  the  line  of  junction, 
and  contain  amall  veins  of  galena,  blende,  iron-  and  coppeiv 
pyrites,  Ac. ;  and  at  the  same  time  the  aecondary  rocks  are 
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iiulunted  and  cryatalline,  while  the  gnuiite  an  undergOQe 
ft  contrary  ehaoge.  Sir  C.  Lyell  mentions  a-remarkable  eX' 
ample  of  the  alteration  induced  in  atnttified  rocks  by  intru- 
Bions  of  syenite  or  granite ;  near  Chriatiani&,  in  Norway, 
very  dark-coloured  limestone  is  chttnged  into  white  crys- 
talline marble,  and  slate  into  mica-schist.  Traces  of  fossils 
are  not  uncommon  in  some  of  the  schiatose  rocks,  thus 
unequivocally  proving  their  metamorphic  character ;  aa,  for 
inatmce,  the  casts  of  lai^  Trilobites  found  by  Prof.  W.  B. 
Bogers  ki  the  dtered  rocks  near  Boston,  TJ.  S.  (see 
page  881). 

In  G-len  Tilt,  in  Scotland,  schist  and  limestone  are  super- 
imposed on  tmd  traversed  by  granite,  and  the  latter  ia 
intruded  among  the  former  rocks,  and  ramiSea  into  innu- 
merable  veins  in  the  most  complicated  manner,  proving  its 
perfect  fusion  when  erupted.* 

Granite  never  occurs  truly  stratified,  but  it  oft«n  assumes 
a  laminar  disposition,  which  may  be  considered  ae  a  modi- 
fication of  concretional  structure.  A  prismatic  or  cuboidal 
form  is  sometimes  observable,  but  this  appears  to  be  the 
result  of  incipient  decomposition,  for  the  fissures  become 
enlarged  by  exposiue  to  the  air  and  water,  and  the  rock 
separates  into  masses  resembling  piles  of  masonry,  of  which 
the  celel»ated  Logan  or  S,o(ikMg-»to»e*,  and  the  Gheete- 
wring  of  Cornwall,  are  eiamples-l" 

In  some  instances,  a  tendency  to  a  columnar  arrangement 
ia  observable,  as  in  the  cliffs  near  the  Land's  End.  in  Cnm- 
wall.  The  concretionary  fdspathia  rock  of  Corsica  {Napo- 
leonite  or  "  Corsican  granite")  presents  an  orbiculai-  struc 
ture,  in  which  balls  or  spheroids  of  ooncentrio  and  aUeniate' 
coats  of  hornblende  and  compact  felspar,  are  disseminatied 
with  much  regularity  throughout  the  mass, 

*  Sm  tli8  highly  Tilaabla  Memoir  on  the  Geology  of  Glen  Tilt,  by 
Dr.  MwoBlledi.  Ge<d.  Tmnt  (fltstaatiet),  vol.  iii.  pp.  259—337. 
t  S«  Appendix  B,  on  lh«  LocM-ttoMt. 
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Tbe  granites  of  Derousbire  uid  Cornwall  are  considered 
by  Sir  H.  De  la  Beche  to  have  been  protruded  after  the  de- 
yoflition  of  the  coal-meoBureB  of  Devon,  and  antecedently  to 
the  IViassic  series.  "  They  appear  to  have  been  tlirown  ap 
through  points  of  least  resistance,  in  a  line  extending  &om 
tbe  aoutbern  part  of  Devonghire  to  the  Scilly  lelea,  part 
having  protruded  through  tbe  weakest  places,  and  the 
remainder  being  concealed  beneath.  From  the  Scilly  lelea 
to  Dartmoor  inclusive,  there  seems  to  have  been  the  up- 
thrust  of  one  mass,  which  found  points  of  less  resistance 
amid  the  superincumbent  accumulatioas,  more  in  some 
places  than  in  others.  As  tbe  masses  rose,  the  edges  <^  the 
detrital,  trappeon,  and  calcareous  beds  against  which  they 
pressed  were  frequently  Iractnred ;  and  into  these  fractures 
the  granitic  matter  was  forced,  forming  veins  which  can 
often  be  traced  terminating  in  fine  threads;  so  that  not 
only  was  the  pressure  great,  but  the  fluidity  of  the  igneous 
rock  sufficient  to  pass  into  small  rents  and  crevices."* 

A  group  of  plutonic  rocks,  consisting  of  granite  and 
syenite  protruded  through  overlying  schistose  and  carboui- 
ferons  deposits,  and  surrounded  at  their  base  by  Triassic 
strata,  forms  the  range  of  hills  known  as  Ghamwood  Forest, 
in  Leicestershire.  The  highest  ridge,  Bardon  Hill,  is  crested 
vrith  bfure  and  rugged  masses  of  syenite;  and  in  various 
quarries  opened  at  the  base  of  the  hills,  interesting  sections 
are  exposed  of  tbe  relative  positions  of  the  crystalline  masses 
and  the  sedimentary  strata.  This  isolated  cluster  of  hyp<^ene 
rocks  is  vrithin  a  hundred  miles  of  the  tertiary  deposits  of 
the  south-east  of  England ;  and  at  a  less  distance  from  the 
metropolis  than  any  other  plutonic  region.f 

30.   Metakobfhisu  of  Sooeb. — The  transition  from 

■  Hemoira  of  the  Geological  Surrey  o[  Gieat  Britain,  <rol.  L  p.  328, 
Mii  "Geol,  ObMrrer,"  p.  563. 

f  See  J,  B.  Jnkei  on  the  Getrlogy  at  Qwniwaod  Forert,  llo,  1842  ; 
nmd  Excnraion  to  Choniwogil  Foreit,  Medals  of  Ciealioo,  vol  IL  p.  S98. 
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gmate  to  porphyritic  trachyte  pasaee  througli  infinite  gn- 
datious,  but  all  the  modificationa  appear  to  be  referable  to 
the  degree  of  iucaadesceace  of  the  materials,  the  circum- 
stances  under  which  they  were  ejected,  and  their  slow  or 
rapid  refrigeration.*  An  inBtructive  example  of  the  paaeoge 
of  granite  into  basalt,  deBcribed  by  Dr.Hibbert,  will  ill  uBtrste 
these  remarks.  In  one  of  the  Shetland  lelee,  a  bed  of  basalt, 
extending  for  many  milea,  ia  seen  in  contact  with  granite. 
At  a  little  diatence  from  the  junction  of  the  rocks,  the  basalt 
contains  minute  particles  of  quartz,  and  these  become  larger 
and  more  distinct  aa  they  approach  the  granite ;  hornblende, 
felspar,  and  greenstone  (the  latter  is  a  homogeneous  admix- 
ture of  hornblende  and  felspar)  next  appear;  still  nearer, 
the  rock  consists  of  feUpar,  quartz,  and  hornblende  :  and  at 
the  line  of  junction  felspar  and  quartz  form  a  maaa  which 
requires  but  the  presence  of  mica  to  be  identical  with  the 
granite  in  which  it  ia  insensibly  lost.f 

Limestone  in  contact  with  schist  frequently  assumes  a 
CTTstalline  structure,  as  if  the  same  agency,  which  had  con- 
rerted  the  clay  into  schist,  had  extended  its  influence  to  the 
overlying  calcareous  beds.  In  the  Isle  of  Man,  interesting 
examples  of  this  transmutation  occur.  In  some  instances 
the  calcareous  beds  in  contect  with  the  fundamental  rock  of 
schist  are  irregular  and  perfectly  crystalline,  but  change  to  a 
stratified  disposition  and  earthy  texture  in  proportion  as 
they  are  further  removed  from  the  schist.  In  other  places 
the  metamorphosis  takes  place  more  gradually,  each  bed  of 
limestone  (Lign.  211,  a,  a,  a)  losing  its  stratified  character, 
and  becoming  amorphous  and  crystalline  (h)  where  in  contact 

*  In  M.  Ciedner's  collectian,  tl  Gotha,  the  Editor  wu  kindl;  ihavn 
by  that  aocompliBbed  geologist  ■  Beries  of  Thurmgian  roek -specimens, 
ia  vhicb  porphjiy  wu  seen  to  pass  into  ao  argUlaceous  scbiat  full  of 
granules  of  felspar ;  also  a  similar  transmon  from  granite  to  felspatliic 

t  Edinburgh  Journal  of  Science, 
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with  the  echiBt  (e),  as  is  ihown  iu  this  sketcli;  the  Btratified 
and  unatratified  rooks  ceasing  at'  length  to  possess  any 
iniBeralogicsl  diBtinoHou.      And  it  is  a  remarkable  and 


highly  isBtructive  fact,  that  while  in  the  stratified  limestone 
organic  remains  occur,  they  are  altogether  absent  in  the 
crystalline  mass. 

In  the  lale  of  Anglesea,  Carboniferous  limestone  and  shale 
full  of  organic  remains,  may  be  traced  gradually  passing  into 
hardened  ebale,  and  finally  into  homstone,  jasper,  and  anal* 
cime-rock  containing  garnets  and  copper-ore,  a  change  due 
an  to  intrusion  of  greenstone-porphyry,* 

In  the  Ural  Mountains,  which  form  the  dividing  range 
that  separates  the  waters  of  Europe  from  those  of  Asia,  the 
effect  of  metamorphic  action  is  strikingly  displayed.  Sir 
Hoderick  Murchison  emphatically  remarks,  that  the  crys- 
talline rocks  which  form  the  axis  of  the  antidinal  o[  the 

*  Prof.  Henslow ;  Truunctiom  of  Um  Philos.  Sac  of  Cambridge. 
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Ural  chain  are  for  the  moat  part  altered  Silurian  ef  rata.  In 
tlie  abort  Bpace  of  a  mile,  oboervea  Sir  Socterick,  you  may 
walk  upon  the  edges  of  the  partially  altered  beds  of  grit  and  . 
■ctutit,  until  you  find  them  converted  into  amorphouB  quartz- 
rocl,  in  coutaot  with  highly  crystalline  greenstoae ;  a  rock 
which  la  admitted  to  be  of  igneous  uid  intrusiTe  character. 
Cordline  limestone  ia  changed  into  white  and  green  marble. 
The  intense  plutonic  action  which  effected  the  disturbance 
of  tie  rocks  of  the  Urals  has  clearly  been  the  cause  of  the 
rich  nineral  productions  of  those  regions,  the  metallic  reins, 
and  tie  mineralizAtioD  and  metamorpbism  of  the  sediment- 
ary Bt*ta.* 

31.  Pbecioub  SroUBB.t — Connected  with  the  changes 
to  whiih  the  metamorphic  rocks  have  been  subjected,  is  the 
formatmiofBomeof  those  minerals  which,  from  their  beauty, 
eplendoir,  and  use  as  ornaments,  are  termed  precious  stones. 
The  SajphitT  and  the  Oriental  Buby,  or  red  sapphire,  which 
are  prized  next  to  the  diamond,  and  almost  equal  that  gem 
in  bardiBse,  are  found  in  trap-rocks ;  and  the  common 
Oorwtdm,  which  is  a  species  of  the  same  mineral,  and  the 
Xlmeralo  occur  in  mica-schist.  The  sapphire  and  ruby  are 
pure  alunina  ciystallized  ;f  and  the  supposition  that  they  have 
been  foraed  by  intense  igneous  action,  is  not  only  probable, 
hut  IB  3eDdered  almost  certain  by  the  eiperimenta  of 
M.  Gaudn,  who  succeeded  in  producing  fictitious  rubies, 
which  insvery  respect  resemble  the  natural  gems.  These 
were  fomed  by  submitting  alumina,  with  a  small  quantity 
of  calcind  chromate  of  potash,  to  the  influence  of  a  power- 

•  Gsolosr  of  RuuU,  p.  357,  &c. 

t  Hr.  J.R.  Jackaon'a  irork  on  Minerals.  tieB.ting  eapcciBlljr  at  their 
conitimtioi,  mode  of  occuirence,  value,  and  uses,  is  fuU  of  interest 
nnd  wry  ustniGtire. 

I  rhcnppliiieafforda,  by  analysis,  98-5  of  B]umini,.0'5  of  lime,  and 
I  ofoiide  of  iron  ;  the  ruby,  90  of  alumina,  7  of  silei,  and  I'2  of  oxida 
of  ion.  ■'Philiipt'M  Mineratogg. 
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fill  oxy-hydrogen  blowpipe,  by  which  the  materiaiB  were 
melted  into  a  cryBtBlliue  mass,  that  preBented,  when  cooled, 
all  the  characteristicB  of  the  ruby. 

M.  Ebelmen's  eucceBsful  experimente,  also,  in  the  po- 
ductioQ  of  crystals  and  gems,  by  employing  boracic  acid  u  a 
solvent  at  a  high  temperatvire,  have  an  important  beaing 
upon  the  probable  mode  of  origin  of  many  of  the  naiiral 
mLDeml  produete  in  igneous  rocks.* 

Garnet  ib  a  well-kuown  precious  stone,  of  a  rich  bswn- 
isb-red  colour,  and  is  generally  found  in  plutonic  ocka ; 
like  the  ruby,  it  has  also  been  made  artificially,  by  ezpsing 
ita  conatituenta,  silicates  of  alumina,  lime,  iron,  &.,  to 
intenae  heat.  This  experiment  throws  light  on  the  iccur- 
rence  of  gamets  in  Auglesea  and  elaewbere,  in  sbale  dtered 
by  contact  with  trap-dykes,  though  altogether  waning  Id 
every  other  part  of  the  rock ;  a  proof  that  these  f ystals 
have  been  produced  by  the  effect  of  heat  on  those  arts  of 
the  sedimentary  deposits  which  were  most  exposed  to  the 
-  influence  of  the  erupted  masB.f 

The  production  of  such  crystalline  substances,  though 
effected  by  intense  heat,  may  probably  be  intimatly  con- 
nected with,  the  action  of  electro-chemical  currentainduced 
by  the  high  temperature,  since  M.  Bequerel  and  Sr.  Cross 
have  formed  without  heat,  from  solutions,  by  long-ontinned 
galvanic  action,  crystals  of  quartz,  arragonite,  carbnates  of 
lime,  &c.,  which  the  resources  of  chemistry  had  tailed  to 

■  8m  De  la  Beche's  "  Geal.  Oburrer,"  2Dd  edil.  p.  578. 

t  LyeU'a  MukibI,  5th  edit.  p.  4S4 

i  "Ligbt,  Heat,  Electricii;,  Magnetisin,  Holion,  and  detnieal-af- 
Gnit;^  are  all  conieitible  inaterisi  affectioDB;  asmming  eitler  ta  the 
caose,  one  of  the  others  will  be  the  effect.  These  forces,  in  tfeir  >wied 
Dalonil  aclton  upon  the  aurface  of  out  planet,  aie  continually  aterin)  the 
nature  af  its  external  crust."— Xecfurs  im  the  FTogreu  of  PKyital 
Seimet,  ij  W.  S.  Grove,  Etq„  F.R.S. 
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32.  MBTALLiTEBOxia  TsiNS. — In  my  deacriptioii  of  the 
fiaBures  observable  in  cotuolidated  strata,  I  mentioned  that 
the  richeet  depositories  of  the  metals  occur  in  certain  ca- 
vitiea,  termed  metalliferous  veins,  which  are  separations  in 
the  continuity  of  rocks,  of  a  determinate  width,  but  extend- 
ing indefinitely  in  length  and  depth,  and  more  or  less  filled 
with  metallic  and  mineral  substanceB  of  a  different  nature 
from  that  of  the  masses  they  traverse.*  These  natural  stores 
of  hidden  treaeures  are  not  confined  to  any  epoch  or  form- 
ation, nor  to  any  tracts  of  country  ;  they  are,  however, 
most  ahundant  in  rocks  that  have  beeu  exposed  to  great 
disturbances  and  intense  igneous  action,  hence  their  pre- 
TsJence  in  the  metamorphic  and  plutonic  rocks ;  but  veins 
of  iron,  copper,  arsenic,  silver,  and  gold  also  occur  in  tertiary 
strata  (vol.  i.  p.  289). 

Some  veins  are  evidently  fissures  of  mechanical  origin, 
having  been  opened  by  elevatory  forces ;  in  many  instances 
they  have  been  filled  from  beneath  by  the  sublimation  of 
metalliferous  matter  by  heat ;  and  in  others  from  the  sur- 
face by  infiltration,  or  by  various  materials  deposited  by 
streams,  which  have  flowed  into  them.f  But  in  some  in- 
stances the  veins  are  connected,  by  a  gradual  mineral  tran- 
sition, with  the  contiguous  rock,  and  appear  to  have  resulted 

*  In  De  la  Beche's  "  Geologicil  Otturver,"  the  stiideiit  irill  find  Ibe 
nbject  of  mineral  veiiu  well  iUuslraled,  and  philoaophically  treated. 
Moch  Tolnable  information  on  Ibis  lulfiect  ia  also  contained  in  (he  ete- 
mentai;  worka  on  Geology  bjr  Phiilipe  and  Anated ;  and  several  important 
pnpen  on  reins  and  the  atructare  of  mineral  lodea  will  be  found  in  the 
Tranaactiona  of  the  Geological  Society  of  Cornwall,  and  in  the  Mining 

f  The  filling  np  of  the  concretionary  reina,  and  the  formation  of  a  great 
number  of  minerala  which  are  there  met  with,  whether  cryaiallized  or 
amorphous,  appear  lo  admit  of  explanation  by  reference  to  incruating 
Ihermal  depodliona,  and  do  not  necesaarily  indicate  conditions  oi  agents 
Ha  removed  from  actual  eiiatine  caasea.  See  H.  de  Sanarmont's 
obseryalionB,  Edinb.  New  Phil.  Joum.  1852,  toI.  lii.  p.  328. 
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irom  B.n  electro-chemical  sepantion,  or  segregation,  of  cer- 
tain mineral  and  metallic  particlea  from  tbe  enveloping 
mau,  while  it  was  in  a  soft  or  fluid  state,  and  their  deter* 
mination  to  particular  centres.  The  natm«  of  tbeee  veins 
receives  iUustration  from  the  nests  of  spar  and  other  mine- 
rals common  in  masses  of  tr^,  and  in  which  there  appears 
to  have  been  no  possibility  of  the  introduction  of  any  foreign 
substance  firom  without. 

The  vein-stone,  vein-stuff,  or  gangue  is  frequently  formed 
of  several  layers  of  crystalline  substances  4^  variable  thick- 
ness. Thus  against  each  "cheek"  or  "wall"  of  a  vein  or 
lode,  we  may  find  first  a  coating  of  blende,  then  quarts, 
fluor-spar,  blende,  baryt-spar,  pyrites,  baryt-spar,  fluor-spar, 
pyrites,  and  calc-spar ;  the  two  opposite  layers  of  calc-epar 
either  meeting  fece  to  face,  with  irregular  cavitieB,  or  drusee, 
interposed,  or  with  a  iniddle  layer  or  "  rib  "  of  galena.  See 
also  p.  698.  Sometimes  tbe  vein-Btone  is  composed  of  one 
material  only,  such  as  quarts.  Frequently  two  or  more  seta 
oi  crystallized  coatings  are  observable  in  a  vein,  owing  to 
the  successive  infiltrations  or  segregations  of  mineral  matter. 
These  may  be  composed  of  a  similar  material  throughout ; 
or  each  series  may  vary  frvm  tbe  others. 

From  the  observations  of  M.  Fooimet  in  tbe  mines  of 
Auvergne,  it  seems  probable  that  in  many  instances  sul- 
phides of  iron,  copper,  lead,  and  zinc,  sulphate  of  barytes, 
and  other  minerals,  have  been  introduced  at  different  periods, 
accompanied  by  new  fractures  and  dislocations  of  the  rocks, 
and  tbe  widening  of  previous  fisaures.* 

"  When  describing  the  successive  openings  of  tbe  veins 
near  Pontgibaud,  M.  Foumet  f  points  out  that  deposits  of 
different  mineral  aubstances,  or  modifications  of  such  sub- 

■  Sir  C.  Ljiell't  Aunifeiwij  Addtau,   1637,  PiDceod.   Geol.   Soc. 
Tol.iLp.  498 
t  Btudea  sor  lea  Di^ta  H^Iallif^s. 
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BtancBB,  are  seen  to  characterize  five  of  the  ek  succesaive 
dialocaticma  which  he  was  enabled  to  trace  ;  the  siith  being 
marked  by  the  introduction  of  pebbles  and  sand, — a  con- 
tinuation of  the  accumulation  which  still  corera  the  countrj' 
in  many  plac^,  and  which  is  itself  covered  by  the  lavaa  of 
the  extinct  volcanoa  of  Loucbadiere  and  Franal."  * 

The  obBervations  and  eiperiments  of  Mr.  E.  W.  Tax  \ 
add  great  weight  to  the  hjpotheBie  which  eiplaina  the  filling 
up  of  metallic  veins  by  electrical  agency.  M.  Bequerel  { 
remarks,  that,  when  a  vein  is  either  wholly  or  partially  filled, 
the  transfusion  of  water  from  the  Burrounding  rocks  would 
bring  electric  forces  into  p)ay,  and  give  rise  to  decomposi- 
tions and  new  combinations  of  mineral  matter.  The  separ- 
ation of  pure  metal  from  solutions  of  metallic  salts,  by 
galvanic  action, — a  process  familiar  to  every  one,  under  the 
name  of  the  electroU/pe, — and  from  the  ore  by  a  modification 
of  the  same  force,  exemplifies  the  nature  of  those  changes  by 
which  native  gold,  silver,  copper,  &c.  may  be  produced  in 
the  interior  of  the  earth.§ 

There  appear  to  be  certain  associations  of  metallic  suh- 
Btanoes  in  the  veins ;  ||  as,  for  instance,  iron  and  copper,  lead 
and  zinc,  tin  vaA  ccr^^,  and  probably  gold  and  platinum. 
The  following  list  shows  the  geological  distribution  of  a  few 
of  the  chief  metals. 

*  De  la  Becbe,  "  Geological  Obserrer,"  2nd  edit.  p.  698,  itete. 

t  Phil.  Tnmaact.  1830,  p.  399,  &c  See  aUo  Mi.  R.  Hunt's  Uemoir, 
Od  ttie  loflucEDce  of  Mogneliim  and  Electiicitf  oo  CTyitalUzation,  &c., 
Mem.  Geol.  Surrey,  ool.  i. 

X  Kdinb.  New  PMl.  Jonm.  voL  iL  p.  330. 

$  H ,  BEqiurel  Iub  mccMded,  by  (he  pennuieot  action  of  electrical 
cuirentB  mily,  in  gepaiMillg  the  metals  of  silTei,  lead,  and  copper  from 
theii  oiei.  The  electio-chemical  appoiatui  employed  conaiated  aimp^ 
of  iion,  a  ooDceuliated  lolution  of  aea-wll,  and  tbe  ore  of  the  metal 
property  prepared.    S«e  notes  to  Dr.  BncUand's  Brideevaier  Treatise. 

I  In  the  Edmb.  Nev  Fkil.  Jonm.  Ttds.  lir.  and  Iv.  ia  a  uselial  and 
extended  digest  of  A.  Breilhanpt's  irork  on  the  Aasodation  of  Minenl", 
or  iheit  "  Paiagenetic  Belationi," — DU  ParagenuU  iv  ISiatnJitn,  VMB, 
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TVb — genenllf  occor)  in  quarti-veiQl  tikTening  fruiita  tud  schist. 
It  hat  not  beea  diicoTered  in  ■  natiTS  slate,  but  u  commonlj 
found  u  an  oiide,  and  rarely  aa  «  aulpMde.  The  oret  of  thie 
msUl  are  of  great  haidneis  and  ipecific  giaTitj,  and  are  termed 
tin-atone.  Wood-tin,  so  calied  from  its  fibrous  Btmctnre,  sad 
ilream-iin,  are  found  in  the  beds  of  streaniB  and  riTolets:  thej 
are  the  allurial  detiilns  of  tin-reiiu,  that  existed  in  rocks  now 
destroyed.  The  ftaimijinna  grarel  of  Comvall  a  the  debris  of 
preexisting  rocks  traTersed  by  lin-Toins,  and  hss  been  formed  in 
the  Bamo  manner  aa  the  auriferous  allnria  of  Russia,  Australia, 
tod  America.  The  mines  of  Cornwall  are  (be  most  productive  in 
Europe,  and  have  been  worked  from  Ibe  remotest  historical 
periods.  The  Tyriana,  as  early  as  the  time  of  Hoses,  imported 
tin  from  that  disixict. 

Lead. — The  ores  of  this  metal  are  rery  numerous ;  and  the  sulphide 
uf  lead,  or  galtna,  occurs  in  primary  and  lecMidary  rocks.  In 
Derbyshire,  the  principal  rains  of  lead  are  in  the  caiboniferoua 
limesloue. 

C'^iptr — is  found  in  primary,  secondary,  and  tertiary  rocks,  and  in 
modem  deposits ;  it  often  occurs  nottw,  that  is,  in  a  pure  me- 
tallic state,  somelimesln  blocks  msny  tons  in  weight:  its  ores,  or 
combinations  witli  other  metals  and  minerals,  are  Tery  numerous. 
Cornwall  is  the  principal  European  repository  of  this  metal. 

Ooid — exists  in  granite  and  qunrtz-reina  traTorsing  metamorphic  rocka. 
The  gold  found  in  Uie  mud  and  sands  of  rivers  has  been  derived 
from  gold-bearing  veins  which  existed  in  rocks  subsequently 
liroken  up  and  disintegrated :  such  is  the  origin  of  the  anriferoni 
sands  and  gravels  of  Russia.*  which  we  shall  presently  describe. 

Siiver, — This  met^  is  found  in  crystalline  and  metamorphic  rocka ; 
often  native,  bnt  generslly  in  ores  associated  with  arsenic,  cobs.lt, 
&c.  Sulphide  of  silver  (a  combination  of  metallic  silver  sod  aul- 
phnr)  is  the  most  common  ore  of  this  met^.  Masses  of  pure 
silver,  200  lbs.  in  wei^t,  have  been  found  in  Nonray.  The  ri<^ 
Mexican  silver-  and  gold-mines  are  in  porphyritic  rocks. 

*  See  the  "  Geo).  Bossia  and  the  Urol,"  vol.  i.  The  gold-digging 
of  Catifbtnia,  Aualialia.  Hew  ZeoUnd,  and  elsewhere,— their  mad«  of 
working,  general  produce,  and  several  large  pepites  or  nu^ets, — have 
of  late  years  be«>n  brouf^t  before  the  public  in  the  newspapers  and  other 
periodicals,  and  in  numerous  special  works.  Ths  Parliamentary  Re- 
ports on  Anatralia  and  the  Journal  of  the  Geotogieal  Society  contain 
much  informatioD  on  the  Subject. 
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Phtimim—oocoza  in  South  America  and  the  Ucal  MouaUini.  'this 
metal  combines  tlie  lustre  of  gold  and  silver  with  incompatable 
hardDSSS.  A  Tein  haa  been  discovered  in  metamorphic  rocVa  in 
the  Vallejr  of  Dnc,  in  the  DeparUnent  of  Ig^ie. 

ilereury  ot  QiUektihfr — is  found  always  liquid  wlien  in  a  metric 
state  ;  it  is  generally  obtained  from  GinnabsT,  which  is  a  sulphide 
of  mercury,  forming  beds  and  veins  in  gneiss  and  schist,  and  in 
strata  of  Uie  carbonLferous  epoch.  The  mines  of  Idiia  in  Camiola 
are  the  aiost  productive  in  Europe. 

Iron.— The  almost  universal  presence  of  the  ores  of  iron,  and  th« 
inSnite  variety  of  its  combinations,  are  too  well  known  to  require 
description.  Native  iron  ia  sometimes  found  in  rocks  ^  but  troni 
the  rapid  oxidation  of  this  metal  when  exposed  to  air  oi  moistuit. 
it  is  seldom  met  with,  except  in  meteoric  *tone«  (vol.  i.  p.  iS). 

I  will  concisely  notice  a  few  intereBting  conditioQB  of  some 
of  these  metallic  subatanceB. 

33.  AcBiFEBOus  Alltjtu.  of  Bdbsia. — In  the  highly 
valuable  work  of  Sir  £.  Miirchiaon  and  hie  coUeaguee,  "  The 
Geology  of  Bussia,"  there  is  an  extremely  intereBting  de- 
BcripticQ  of  the  aunferooB  drift  which  annually  yields  a  large 
amount  of  gold  and  some  platinum  to  the  Bussian government. 
These  metals  are  obtained,  by  washing,  irom  the  old  alluvial 
or  diluvial  deposits,  which  abound  in  the  bones  of  mammoths 
and  other  huge  extinct  pachyderms  (see  vol.  i.  p.  155).  The 
gold  and  platiniui  have  evidently  been  derived  from  metalli- 
ferouB  veins  that  existed  in  the  rocks  of  the  Ural  Mount^s, 
before  that  chain  was  elevated  above  the  reach  of  allnvial 
action. 

The  auriferous  shingle,  with  ita  sub-angalar  fragments,  so  completely 
resembles  the  detritus  uf  Ukes,  and  is  so  unlike  the  gravel  of  sea-shorea, 
that,  independently  of  the  absence  of  any  marine  lemaina  whatever  all 
along  the  immediate  eastcFQ  flank  of  the  Ural  Hountaini,  there  can  be 
no  heattalion  in  beiieving  that  the  gold-detritua  was  accumulated  ducing 
«  terrestrial  and  lacustrine  condition  of  th6  surbce.  Previously  to  tb« 
elevation  of  the  Urals  to  their  present  altitude,  they  constilDted  a  mode- 
rately elevated  region,  which  formed  the  edge  of  an  eaatem  ct 
tahabited  by  the  mammoths  and  their  aasodate*. 
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no*  coTend  by  tunferoai  detritiu  vera  probably  then  ooraplad  bj 
ItkM,  into  vhich  wen  drifled,  in  ihe  course  of  agee,  the  bonea  of  the 
large  extinct  mimmalu  whicli  inhablled  tlie  surTOluuling  plaint  and  hilk, 
and  the  detritiu  of  the  tocki  and  iitnta.  The  radden  upheaTal  of  the 
Uial  creit,  which  haa  eridently  taken  place  in  s  oampanlively  lecant 
period,  broke  away  (he  baniera  of  the  lakea,  and  eleraled  aoms  maasc* 
of  Ihsic  ihingly  botlsmi  and  ahores  into  irregular  mounds,  which  sub- 
•equentlj  became  deaiccated,  and  now  csnitituta  the  auriferous  alluvia.* 
84.  Cdfbious  deposits. — An  illustration  of  a  metallic 
deposit  by  the  effects  of  chemical  action,  without  the  agency 
of  heat,  is  afforded  hy  a  aingular  formation  of  copper-ore, 
which  occurs  in  New  Brunawick.  In  a  bed  of  lignite,  co- 
vered by  a  few  feet  of  (dluvial  soil,  and  resting  on  a  con- 
glomerate, the  precise  nature  of  which  is  not  stated,  there  ia 
a  nearly  horizontal  layer  of  green  carbonate  of  copper,  about 
eight  inches  in  thickness.  The  ore  ia  disseminated  through 
the  lignite,  in  the  ume  manner  as  metallic  ores  are  usuaUy 
blended  with  thcdr-  accompanying  Tein-stones.  This  bed 
bears  a  close  analogy  to  the  modem  cupriferous  deposits  of 
Anglesea,  and  of  scune  parts  of  Hungary  and  Spain,  where, 
at  the  present  time,  water  charged  with  copper  in  solution 
is  by  the  introduction  of  iron  made  to  precipitate  the  fcvmer 
metal.  From  the  stratum  of  lignite  occurring  with  the  cop- 
per, and  the  mode  in  which  the  latter  is  iBterepersed  througlc 
out  the  mass,  it  appears  that  the  water  in  which  the  vege- 
table matter  floated  was  at  the  same  time  saturated  with  a 
solution  of  copper,  and  that  both  the  organic  and  mineral 
substances  subsided  to  the  bottom  together,  and  formed  the 
singular  compound  deposit  undOr  consideration ;  over  which, 
probably  at  a  subsequent  period,  the  alliivial  covering  waa 
drifted. 

Near  Perm,  in  Bussia  (see  page  667),  ridi  cupriferous 
grits  occnr,  associated  with  thin  seams  of  coal  and  abundance 
of  fossil  vegetable  remains.    The  copper^res  are  frequently 
■  S«e  "The  Geology  of  Russia,''  vol.  i.  pp.  485—487. 
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found  ammged  around  aad  in  the  iDtenticee  of  the  stems 
and  branches  of  the  fossil  plants,  exhibiting  a  passage  from 
the  conunon  oxide  of  copper  to  the  gre^  sulphide,  or  copper- 
pyrites;  and  occasionally  to  bright  green  acicular  malachite, 
mixed  with  crystalB  of  the  blue  copperKtre.* 

In  Qermany  a  thin  band  (J  hard,  black,  bituminous,  and 
copper-bearing  sbales,  of  Permian  age,  extends  over  a  wide 
extent  of  country,  and  is  well  known  by  the  name  of  the 
SJipfer-Sekiefer  (see  page  566).  This  thin  copper-sbule  has 
been  worked  irom  time  immemorial  around  the  Harz  and 
the  Thiiringerwald ;  uid  atill  supplies  importuit  revenues 
to  Saxony  and  the  neighbouring  States. 

The  beautiful  green  carbonate  of  copper,  known  by  the 
name  of  malachite,  haa  been  produced  &om  a  cupreous 
solution  by  the  successive  deposition  of  the  metallic  car- 
bonate in  a  atalagmitic  form,  like  the  calcareous  spar  of 
limestone-cayemB-t 

35.  TRAJfaifUTATioiT  OF  Metals. — The  varied  trans- 
mutations which  metallic  eubstancea  undergo  in  their  pas- 
sage from  one  combination  to  another — &om  their  condition 
in  the  ancient  rocks,  to  that  in  which  they  appear  in  later 
fonnations — involve  many  cuHoua  and  highly  interesting 
phenomena. 

The  transmisBion  of  iron  from  great  depths  to  the  sur&ce, 
in  a  chemical  form  by  means  of  chalybeate  springs,  from 
deposits  in  which  that  metal  was  mechanically  didnsed, 
and  the  fbrmation  of  bog-iron,  and  of  iron-stcme,  through, 
the  agency  of  vegetable  matter  (see  p.  766,  note),  are  familiar 
examples  of  these  changes,  and  have  suggested  to  Mr.  Hugh 
Miller  one  of  his  happiest  illustrations.  "How  strange,  if 
the  steel  axe  of  the  woodman  should  have  once  formed  part' 
of  an  ancient  forest ! — H,  after  &nt  existing  as  a  solid  mass 
in  a  primary  rock,  it  should  next  have  come  to  be  diffused' 
as  a  red  pigment  in  a  transition  conglomerate  (old  red 

•  Geology  of  Busua,  chap.  8.  t  IbJd.  vol,  i.  p.  375. 
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conglomerate,  p.  788), — then  as  a  brown  oxide  in  a  chaly- 
beate Bpriug,— then  aa  a  yellow  ocbre  in  a  secondary  Band- 
stone,— then  aa  a  component  part  in  the  stems  and  twigs  of 
a  thick  forest  of  arboraceous  plants, — then  again  as  an  iron- 
carbonate  slowly  accumulating  at  the  bottom  of  a  morass  of 
the  Coal-measures,  then  as  a  layer  of  indurated  bands  and 
nodules  of  brown  ore,  underlying  a  seam  of  coal, — and  then, 
finally,  that  it  should  have  been  dug  out,  and  smelted,  and 
fashioned,  and  employed  for  the  purpose  of  handicraft,  and 
yet  occupy,  even  at  this  stage,  merely  a  middle  place  between 
the  transmigrations  which  have  passed  and  the  changes 
which  are  yet  to  come ! "  • 

86.  Beytbw  of  thk  Htpo&bhk  books. — Enough  has 
been  advanced  to  convey  a  general  ides  of  the  characters 
and  relations  of  the  hypogene  rocks,  and  of  the  changes 
induced  on  contiguous  sedimentary  deposits  by  their  influ- 
ence, when  injected  or  upheaved  in  aa  incandescent  state. 

The  traces  of  stratification — a  structure  which  we  have 
seen  is  characteristic  of  aqueous  deposition — are  'evident  in 
the  uppermost  metamorphic  rocks  ;  and  there  is  also  a  dis- 
tant analogy  to  the  alternate  depositions  of  secondary  beds, 
in  the  succession  of  different  mineral  masses,  as  gneiss,  mica- 
schist,  quartz-rock,  &c.  But  in  the  lowermost  term  of  the 
series,  the  granite,  even  these  apparent  relations  to  the 
stratified  formations  are  altogether  wanting;  and  in  the 
amorphous  masses,  veins,  and  dykes,  we  see  the  eflects  of 
long- continued  and  intense  heat,  produced  under  circum- 
stances which  have  given  to  the  resulting  rocks  a  very 
peculiar  character. 

"She  transmutation  of  chalk  into  crystalline  marble, — of 
loose  sand  into  compact  sandstone,— of  argillaceous  slate 
into  porcelain-jasper, — of  cosl  into  anthracite, — of  shale  and 
mud-stone  into  slate, — of  slate  into  micaceous  schist, — of 
micaceous  schist  into  gneiss  and  granite, — of  the  latter  into 

■  The  Old  Bed  Suidstoiie,  p.  2M. 
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trap, — and  bo  forth— -together  with  the  characters  presented 
by  the  mineral  products  of  existing  ToIcanoB,  prepare  the 
mind  to  receive  without  surprise  t!ie  assertion  of  an  eminent 
geologist  and  chemist,  M.  Foumet ;  that  all  the  hypogeae  roekt 
are  probably  tedimentary  deponti  metamorphosed  by  igneotu 
action;*  this  opinion,  however,  is  but  a  modification  of 
that  ]ong  since  expressed  by  our  illastrious  countryman, 
Hutton,il]u8tratedbyP]ay&ir,and  fully  elucidated  hyLyell-t 

There  is  one  striking  deduction  which  M.  Foumet  has 
drawn  from  the  mineralogical  character  of  these  rocks, 
namely,  that  those  masses,  which,  according  to  our  chemical 
knowledge,  would  require  the  most  intense  and  long-con- 
tinued incandescence  for  their  formation — t.  e.  those  in 
which  quarta  largely  predominates  —  are  precisely  those 
which  from  their  geological  position  must  have  been  longest 
exposed  to  such  an  agency ;  hence,  in  granite  the  founda- 
tion rock,  quartz,  which  is  the  most  infusible  and  relractory 
material,  lai-gely  prevails.  The  possibility  of  an  earth  being 
converted  by  intense  heat  into  the  hardest  and  purest  crystal 
was  shown  in  the  formation  of  fictitious  rubies  (p.  905). 
To  the  granite  succeed  rocks  in  the  exact  order  of  their  con- 
taining less  quarts,  and  being  therefore  more  easily  fusible, 
— as  granite  with  a  lai^e  proportion  of  felspar,  porphyry, 
mica-schist,  serpentine,  and  clay-slate.}  If  we  take  these 
phenomena  into  consideration,  together  with  the  facts,  pre- 
viously stated,  of  the  transmutation  of  one  substance  into 
another  by  the  effect  of  caloric,  it  appears  to  me,  that  in 
the  present  state  of  our  knowledge  we  are  wuranted  in  con- 
cluding, that  all  the  granite  and  associated  plutonic  rocks 
that  are  accessible  to  human  observation  are  nothing  more 
than  sedimentary  deposits  altered  by  igneous  agency. 

But  fi^m  what  source  were  the  most  ancient  granitic 

■  The  genera]  itader  will  find  an  interesting  account  of  M.  Fournet'i 
theory  in  Jameson's  Edinburgh  New  Phil.  Journal,  vol.  ziiv.  p.  116, 4tc. 

t  "  Manna]  of  Geology,"  chap.  3S. 

{  Juneson's  Edinburgh  Journal,  loc  cit.  p.  115. 
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rocks  derived  F — whence  onginnted  the  iqaterialx  upon  whidi 
igneous  action  exerted  its  influenoe,  and  produced  those 
tryataUine  masses  which  are  the  UUma  Tkide  of  geological 
research  P  Was  granite,  as  Humboldt  has  supposed,  the 
basis  or  framework  upon  which  the  first  aqueous  sedimenta 
were  deposited  F— These  are  questioni  which  we  are  not  in 
a  condition  to  solve ;  and  it  does  not  appear  probable,  that 
vestiges  of  the  first  dawn  of  creation  upon  the  surface  of  our 
planet  will  ever  be  revealed  to  mortal  eye. 

S7.  Oroahio  Rxiia.188  iir  tub  Mita.mobfbio  Bockb. 
—I  have  stated,  that  with  the  lowermost  of  the  slaty  roeks, 
or  oryatalline  schists,  all  tracei  of  organization  are  lost ;  but 
this  assertion  requirea  some  reservation,  for,  as  an  eminent 
geologist  has  remarked,  "  with  the  exception  of  granite, 
probably  no  rock  ia  known  beneath  which  organic  remain* 
may  not  be  found."*     Let  us  here  resume  the  inquiry. 

The  extent  to  which  the  metamorphiem  of  sedimentsry 
FOckfi  changes  their  lithological  characters  is  variable  ;  and 
so  also  ii  the  degree  in  which  the  cH-gaaic  remains  imbedded 
in  those  deposits  are  obscured  by  this  change.  Some  of  the 
strata  that  have  suffered  from  metamorphic  ^e&cy  in  the 
Alps  ond  Andes  frequently  retain  impressions  of  fossils 
sufficiently  diatinct  to  enable  the  paleontologist  to  decide 
the  geological  age  of  these  schiats  and  alates ;  some  of  which 
are  of  secondary,  and  others  even  of  tertiM'y  oge.f 

So  also  many  of  the  much-altered  Devonian  and  Silurian 
rocks  have  given  up  to  pereevering  research  abundant  fossil 
relics,  in  Europe,  England,  and  North  America.  We  may 
instance  M.  Biatthoff's  discovery  of  Upper  Silurian  planf> 
remains  in  the  slaty  schists  of  Msgdesprung  (p.  822)  ;  Mr. 
Salter's  and  Dr.  Kinahaik'B  discoveries  of  fossils  in  the 

*  Haccul[och'a  Western  lalee,  p.  514. 

t  Tbe  Germui  gealogista  hare  come  to  ItiG  conduaioa  that  Che  Glarua- 
«lates  (aee  p.  365)  are  of  eocene  age.  la  the  CaTiDtbisn  Alps  there  ue 
black  Blalea  of  cieuceuus  age. 
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Cambrian  grsuwaeke  (p.  887)  ;  Kr.  Peach's  diacoTery  of 
Lower  Silurian  foseila  in  the  ailiciouB  limeetoneB  of  SumeM 
(p.  806)  ;  and  eapedally  Prof.  W.  Bogerg's  late  discoverj  rf 
numerous  impreBBione  and  caste  of  trilobites  in  the  old  rocks 
near  Boston,  TI.  8.  (p.  831). 

These  instances  of  successful  research  in  metamorphio 
rocks  lead  us  to  hope  that  other  schists,  as  jet  apparently 
barren  of  fossils,  will  in  time  yield  some  organic  evidence  ot 
tbeir  geological  age.  From  the  researches  of  Sir  B.  Mur^i- 
son,"  we  now  know  that  great  masses  of  the  gneisaoee  and 
micaceous  schists  of  the  North  of  Scotlaod  are  most  pro- 
bably of  Lower  Silurian  age,  on  account  of  their  immediately 
OTcrlying  (in  Suthertandshire)  the  fossiliferoiis  limestone 
and  quartzite  of  Durness  (p.  806)  ;  and  doubtlessly  in  this, 
as  in  other  analogous  cases,  traces  of  foseila  will  some  day 
be  found  in  such  rocks,  which  often  almost  rival  in  their  ■ 
crystalline  character  the  primordial  gneiss  and  granitio  rocks, 
on  which  the  oldest  sedimentary  beds  of  Can&da,  Scotland, 
and  Scandinavia  repose. 

From  the  intense  beat  to  which  some  of  the  cryMalline  and 
metamorpbic  rocks  have  been  exposed,  we  cannot,  of  course, 
expect  to  find  in  them  any  organic  remains,  except  possibly 
such  as  are  formed  of  materials  capable  of  resisting  the  efiects 
of  that  influence.  The  observations  and  experiments  of  the 
Eev.  J.  B.  Beade  have  sbovm,  that  vegetables  possess  a 
structure  which  is  composed  of  eilex,  and  is  indestructible 
fn  a  common  fire  (p.  716).  In  animals,  excepting  in  some 
of  the  ProtoEoa,  we  seek  in  vain  for  an  elementary  tissue 
capable  of  resisting  the  powerful  influence  of  heat.  Vat  It 
is  dear,  that,  if  calcareous  skeletons  were  exposed  to  intense 
heat,  all  traces  of  organization  would  be  obliterated;  and  it 
would  therefore  be  hopeless  to  expect  any  indications  of 
animal  orgnnisme,  except  of  those  that  were  silidoos,  in 
ivcks  where  even  ibe  lines  of  stratification  are  melted  away. 
■  Otol  Soc.  Proceed.  Feb.  3.  ISM. 
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M.  Ehrenberg,  to  whom  we  are  ao  greatly  indebted  for 
apeaing  this  new  field  of  inquiry,  has  diBcovered  the  remains 
of  the  minute  vegetable  organisms  known  ao  Biatomaces, 
not  only  in  aqueous,  but  also  in  volcanic  products.  The 
ferruginous  or  ochreous  film  or  scum  Been  on  the  waters  of 
morehee  and  of  stagnant  pools,  or  at  the  bottom  of  ditches, 
sometimes  forming  a  red  or  y ellowish  mass  many  inches 
thick,  without  any  consistence,  dividing  at  a  touch  into 
minute  atoms,  and  which,  when  dried,  resembles  oxide 
of  iron,  is  found  to  be  wholly  composed  of  the  shields  or 
frustules  of  the  OaUionellaferruginea :  and  the  formation 
of  bog-iron<ore  ia  supposed  to  be  in  a  great  measure  depend- 
ent on  this  source.  The  semi-opal  and  the  tripoli  of  the 
tertiary  deposits  are  wholly  composed  of  fossil  remains  of 
this  khid ;  and  Ehrenberg  distinctly  states,  that  while  in  the 
instances  above  mentioned  there  cannot  be  the  least  doubt 
of  the  nature  of  the  organic  remains,  in  the  semi-opal  of  the 
serpentine  of  Champigny,  and  in  the  precious  o^  of  the 
porphyry,  he  has  detected  bodies  so  exactly  similar  that, 
although  at  present  he  hesitateB  positively  to  affirm  that 
they  are  organic,  he  can  scarcely  entertain  any  doubt  upon 
the  subject. 

As  Ehrenberg  has  also  discovered  silidous  infusorial  re- 
mains in  volcanic  ejectamenta,  it  can  be  conceived  that  aucb 
indestructible  organic  atoms  may  exist  even  in  metamorpbic 
crystalline  schists.  This  branch  of  palsontological  research 
requires,  however,  peculiar  patience  and  acumen ;  and  it  is 
to  be  hoped  that  the  observations  of  the  £ev.  J.  B.  Beade  * 
and  Mi.  Bryson,t  who  have  found  minute  bodies  resembling 
Gallionelhe,  NavicuUs,  Ac,  in  mica-sduBts,  will  be  followed 
up  with  caution  and  perseverance. 

38.  CHBOiroLoaT  of  MouiTTAnr-oHAiBS.  —  We  have 
seen  that  the  intrusions  of  molten  rocks  have  not  only 
altered  the  chemical  nature  of  the  strata  through  which 

■  See  Appendix  C.  t  Edin.  N.  Phil.  Jouro.  N.  S.  toI.  L  p.  368. 
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they  were  erupted,  but  have  also  changed  their  positions 
and  relations,  and  prodaced  correaponding  modifications  in 
the  physical  geography  of  the  dry  land;  baring  in  some 
instances  trwisformed  plains  into  mountain-peaks,  and  in 
others  occasioned  the  subsidence  of  elevated  regions  to  the 
bottom  of  the  ocean.  Am  these  changes  took  place  at  various 
epochs,  separated  from  each  other  by  periods  of  repose, 
sometimes  considerable,  sometimes  brief,  it  is  manifest  that 
the  existing  mountain-chains  are  of  very  different  ages.  By 
a  careful  examination  of  the  phenomena  which  bear  upon 
this  question,  the  relative  antiquity  of  many  of  the  principal 
ranges  baa  been  determined ;  or,  in  other  terms,  it  has  been 
ascertained  at  vhat  geological  epochs  the  Alps,  Pyrenees, 
Andes,  &c.  were  elevated  above  the  waters. 

My  observations  on  this  subject  must,  however,  be  re- 
stricted  to  an  explanation  of  the  mode  of  induction  employed, 
and  a  brief  notice  of  some  of  the  results.  The  positions  of 
the  older  strata  in  relation  to  the  protruded  plutonic  rocks 
and  the  newer  sedimentary  deposits  are  the  principal  data 
by  which  this  problem  may  be  solved ;  for,  as  the  several 
stratified  rock-maraes  have  been  deposited  in  nearly  hori- 
zontal positions,  it  is  obvious,  that  when  they  are  found 
highly  inclined,  and  in  contact  with  mountain-masses  of 
crystalline  or  volcanic  rocks,  the  latter  must  have  been  pro- 
truded mio0  the  sedimentary  were  formed,  and  of  course 
diuing  the  primary,  secondary,  or  tertiary  periods,  as  the  case 
may  be.  On  the  contrary,  if  we  find  other  strata  in  contact 
with  the  same  masses,  but  only  touching  them  with  their 
ftdges,  OF  encircling  their  base  in  an  unconformable  position, 
it  is  erident  that  the  monntaina  must  have  been  elevated 
before  the  formation  of  the  latter  deposits. 

It  is  by  cautious  inductions  of  this  kind,  that  a  distin- 
guished savant,  M.  Elie  de  Beaumont,  has  shown, — 1  that 
the  mountain-chains  of  the  Ersgebirge,  in  Saxony,  and  of  the 
Cdte  d'Or,  in  Burgundy,  are  newer  than  the  Jura  lime- 
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itone,  bnt  older  Ihsn  ths  GreeDMnd  and  Chalk.  2.  That 
the  P;reiieea  aiid  ApenuiDes  are  of  about  the  Bame  age 
with  the  chalk-formation.  3.  That  the  western  put  of  the 
AlpB  is  of  later  origin  than  the  older  tertiary  formations, 
and  was  raised  up  after  the  last  of  the  newer  pliocene  beds 
were  deposited. 

The  CaemuTon  chain  was  elevated  anterior  to  the  depo- 
iitlon  of  the  mountain-limeatone,  for  the  latter  wraps  round 
it  like  a  mantle." 

Professor  FhilUpa  infrae,  that  when  the  Grampian  Hills 
Bent  forth  strums  loaded  with  detritus  to  atraita  where  now 
the  Valleys  of  the  Clyde  aod  Forth  meet,  the  greater  part 
of  Europe  was  beneath  the  sea.  For  the  Pyrenees  and 
Carpathian  Mountains  are  yonnger  than  the  Orampiana  aod 
tbe  Mendip  Hills. 

That  tho  »udde»  protrusion  of  such  immense  masses  as 
the  Alps  or  Pyrenees  from  the  bottom  of  the  ocean  must 
have  dislodged  vast  volumes  of  water,  and  created  a  series 
of  waves  high  and  powerful  enough  to  cause  transitory  but 
destructive  inundations  over  such  portions  of  the  adjacent 
dry  land  as  were  only  a  few  hundred  feet  above  the  level 
of  the  sea,  cannot  be  doubted ;  but,  if  the  elevations  wer« 
gradual,  such  effects  would  take  place  only  in  a  very  alight 
degree. 

3d.  Systems  ox  Elztatioit. — From  the  &cta  and  ob- 
•ervationa  that  have  been  adduced,  it  ia  suffioiently  obvious 
that  prodigious  masses  of  granite  and  other  hypogene  rocks 
have  been  raised  into  ridges  and  mountain-chains  at  various 
periods,  and  long  wher  their  first  formation  and  subsequenfc 
oonsolidation.  In  many  cases  the  protrusions  are  local 
and  of  comparatively  small  extent,  at  least  so  &r  as  theuf 
distribution  on  the  surface  is  concerned;  for  very  disttuit 
isolated  peaks  of  plutonic  matter  may  have  a  dcep-aeated 
c(»naxion.    But  in  other  instances  the  elevatoi^  force  bat 

■  PrabssQi  Sedgwick. 
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embraced  a  vast  tae^  and  entire  mouDtain-cbadns  bave  been 
aimultaneouBlj  and  permanently  lifted  up,  snd  now  remaia 
in  parallel  ranges ;  the  subordinate  parts  of  any  one  period 
or  syBtom  of  elevation  being  in  accordance,  as  to  position 
and  direction,  with  the  principal  upheaved  masses.  Admit- 
ting the  general  correctness  of  these  views,  it  follows  that 
mountain- ridges  composed  of  vertical  or  highly  inclined  beds, 
eme^ng  from  beneath  horisontal  deposits,  must  have  been 
thrown  up  previously  to  the  deposition  of  the  latter :  and  that 
their  upheaval  was  succeeded  by  a  long  period  of  ^epose^ 
during  which  the  flanks  of  thp  mountains  beneath  the  sea 
were  covered  by  the  horizcmtal  sediments ;  the  latter,  elevated 
above  the  waters  by  subsequent  movements,  now  form  the 
fertile  plains  which  surround  the  base  of  the  Alpine  districts. 

Professor  Sedgwick  remuks,  that,  if  we  admit  that  the 
higher  regions  of  the  globe  have  been  raised  from  the  sea 
by  any  modification  of  volcanic  farce,  we  must  also  admit 
that  there  have  been  many  successive  epochs  of  extra- 
ordinary plutonic  energy,  separated  from  each  other  by  long 
periods  of  repose.*  The  sudden  formation  of  mountain- 
peaks  by  violent  upburats  of  sulterranean  force  may  he 
regarded  aa  paroxysmal  efforts  of  the  expansive  power  by 
whose  long-con  tinned  and  imperceptible  action  the  elevation 
of  continents,  and  of  extensive  areas  of  the  bed  of  the  ocean, 
is  gradually  effected.t 

40.  The  CALEnomAV  Tallbt. — Hie  British  Islands  afford 
striking  illustrations  of  the  long-continued  parallelism  in  the 
direction  of  the  disturbing  forces.  The  great  Caledonian 
Valley  extends  through  Scotland  almost  in  a  straight  line, 
from  S.  W.  to  N.  E.,  from  near  Lismore  Island  to  Fort 
George  in  Moray  Frith  ;  a  distance  of  more  than  a  hundred 

■  AoniTerBSTjr  Addren  to  Ihe  Geolopcsl  Sodet;,  for  1831. 

t  See  Mr.  Balcewell'a  Bissciont  eommeotuy  on  tlii*  quMtion,  latw 
ductum  to  Oeokq^,  p.  531. 
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mika.  This  magmfic«iit  glen,  with  ite  ByBtom  of  lectiliDBaT 
lochs  or  Ukea,  and  friths,  has  been  produced  b^  a  wedge* 
shaped  ridge  of  gneiss  having  been  upheaved  in  a  solid  maas, 
and  forced  through  the  stratified  depoeita  which  now  abut 
■gainst  it  in  highly  indined  positions.  That  this  vast  ridge 
l>f  plutonic  matter  was  in  the  state  of  a  hard  rock  when 
elersted,  is  inferred  from  there  being  no  interpolations  of 
volcanic  products  among  the  contiguous  Devonian  strata; 
and  from  the  latter  manifesting  no  indications  of  the 
tdumges  which  would  have  been  induced  hj  intense  beat. 
Hence  the  sharp  mountain-ridges  and  peaks  of  these  Alpine 
regions,  tlie  predpitous  glens,  the  narrow  passes,  and  the 
deep  lochs  studded  with  islands,  presenting  every  variety  of 
combination  and  contrast  of  rock,  and  wood,  and  water, 
which  constitute  the  magnificent  scenery  of  the  Highlands. 
Now,  by  a  reference  to  a  geological  map  of  England  and 
Scotland,  it  will  be  seen  that  the  principal  mountains  or 
ridges  of  elevation  of  these  countries  extend  in  a  line  nearly 
parallel  with  the  direction  of  the  CaledonioD  YaUey,  frvm 
the  Atiantic  to  the  German  Ocean.  As,  for  example,  the 
Grampians,  which  have  thrown  up  the  Devonian  strata  on 
their  southern  flank ;  the  nearly  parallel  range  of  the  great 
ooal-field  of  Scotland;  the  Silurian  rocks  of  the  south  of 
Scotland ;  and  successively  the  principal  secondary  groups 
of  England.  "In  all,"  as  Mr.  Miller  observes,  "there  ia 
an  approximation  to  parallelism  with  the  Caledonian  Valley, 
affording  proof  that  this  was  the  general  direction  a£  the 
elevatory  force,  during  all  the  immensely-extended  term  of 
its  operations,  and  along  the  entire  length  of  the  Island."  * 

•  The  Old  Red  Sandatone,  p.  105.  "  II  ii  a  &ct  not  nnvotth;  of 
ttmtA,  that  the  profound  deptha  of  Loch  New  were  affected  by  the 
great  euthqnitke  of  Liaboa  in  17&5  (p.  843) ;  and  that  the  impulae,  true 
to  iti  ancient  dicection,  drove  the  vavea  in  long  fiurowi  to  the  north-eaat 
and  tonth-wesL"    See  Appendix,  D. 
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41.  SrBDCTiTBa  or  Biir  Netib. — Hough  all  granitic 
iccka  are  of  the  same  general  character  as  to  structore, 
compoaition,  and  formation,  they  belong  to  difierent  epochs ; 
and,  when  in  juxtapoBition,  or  intercalated  with  sedimentary 
beds,  their  relatiTC  age  may  he  determined,  as  we  have 
previouBly  explained.  Eren  when  these  aids  are  wanting, 
different  epochs  of  eruption  are  Bometimea  indicated  by 
rariationa  in  the  mineral  aspect  of  the  rocks;  and  I  will 
conclude  this  subject  with  a  short  notice  of  a  highly  illus- 
trative  example. 

£en  JTems,  the  monarch  of  the  Scottish  monntains,  is 
situated  on  the  southern  border  of  the  great  Caledonian 
Talley,  suddenly  rising  np  in  imposing  ^^andeur  &om  the 
low  country,  to  an  altitude  of  4370  feet  above  the  level  of 
the  sea.  The  base  and  lower  portion  of  the  meuntain  are 
composed  of  gneiss  and  mica-schist;  above  and  within,  which 
is  a  zone  of  granite ;  and  within  the  latter,  and  rising  out 
of  it,  is  a  central,  naked,  rooty  prism  of  porphyry,  which  is 
the  nucleus,  and  forms  the  highest  peaks  of  the  mountain. 

The  inference  as  to  the  relative  age  of  these  three  dif- 
ferent masses  of  plutonic  rocks  from  their  order  of  super* 
position  is  the  very  reverse  of  that  deducible  from  such  an 
assemblage  of  sedimentary  strata.  In  the  present  case  the 
outer  or  overlying  gneiss  and  mlca-scbist  that  envelope  the 
lower  region  of  the  mountain  are  the  most  ancient;  the 
granite  is  the  next  in  age,  having  protruded  through  and 
upheaved  the  gneiss ;  and  the  central  nucleus  of  porphyry 
is  the  youngest,  or  last  erupted  rock,  having  been  forced 
up  through  the  dome  of  granite.  These  three  phases  of 
plutonic  action  may  have  taken  place  at  different  and  vety 
distant  periods ;  in  like  manner  as  the  beds  of  tuff  and 
scoriffi  of  Vesuvius  or  Etna,  ^ected  a  thousand  years  ago, 
may  be  upheaved  and  traversed  by  the  modem  eruptions  of 
incaudescent  lava. 
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42.  KetbObfxot.— I  now  approach  Hie  tenninatioa  of 
this  argument,  and  it  will  be  inetructiTe  to  review  thfl 
phenomena  which  have  passed  before  ue,  in  order  that  we 
may  retain  a  clear  conception  of  the  leading  principles  and 
inferences  that  have  been  enunciated.  I  aholl,  therefore, 
in  the  first  place,  offer  a  sumniaiy  of  the  most  important 
changes  which  have  taken  place  in  the  animal  and  vegetable 
kingdoms,  and  in  the  physical  conditiooB  of  the  earth's 
tnr&ce,  during  the  vast  periods  which  onr  investigafdoiiB 
hare  embraced;  and  conclude  with  a  retroepectire  surfey  ot 
the  effects  of  vital  action  in  the  elaboration  d  the  solid 
materials  of  the  crust  of  the  globe. 

With  the  view  of  recalling  the  principal  &cti,  I  now  place 
before  70a  the  series  of  Illustrations  employed  in  these 
Xiectures,  that  yon  may  perceive  at  a  glance  the  striking 
eontrsst  presented  by  the  Faunas  and  Floras  of  the  respect- 
ive geological  epochs.*  In  the  first  stage,  traces  of  the 
aziating  species  of  uiimated  nature  were  everywhere  appft- 
rent ;  and  works  of  human  art,  with  the  bouee  of  man  and 
the  remains  of  contemporaneous  animals  and  vegetables, 
were  found  in  the  modem  deposits.  In  the  preceding  era 
(the  Tw^Mry)  many  existing  species  and  genera,  of  plantn 
and  animals,  were  sbaent.  Large  terrestrial  pachydermata 
greatly  predominated,  and  the  vegetation  was  principally  of 
a  character  referable  to  temperate  and  intertropical  climea ; 
while  the  seas  abounded  in  fishea,  crustaceans,  and  mollusca, 
aa  at  the  present  time. 

The  next  period  (the  Cretaeeotu)  presented  a  wide  ocean, 
teeming  with  the  general  type*  of  marine  beings,  but  of 
difierent  species  and  genera  to  those  of  the  later  eras,  and 

*  TIm  Teadet  in*;  realUe  this  Idw  b;  Taterring  to  Ui«  illiutratioiis  ot 
thcM  TolumeR,  commeiicuis  with  the  fonil  humui  ikelelon  (vol.  i.  pp.  87 
wd  88),  and  pToceeding  from  the  Ui^  munmalia  (pp.  153,  168,  175), 
to  (he  lut  of  the  Berie«,  the  fossili  of  the  paleeoioic  depo«it4  (pp.  794. 
83S,  tnd  829). 
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bearing  a  large  proptMiJon  of  extinct  cephalopodoua  mol- 
Ituca.  Some  algm  represent  the  marine  flora ;  and  drifted 
trunkH  and  leaves  of  cjeada,  coniferg,  and  dicotyledonoiu 
treee,  and  a  few  reptiles,  were  the  only  iudicatioDs  of  the 
dry  land  and  its  inhabitants.  The  delta  of  a  vast  river  now 
appeared  (the  Wealden),  containing  the  spoils  of  an  extea* 
■ive  ialand  or  continent ;  and  the  remains  of  coloiaal  reptiles, 
of  amBll  mammalia,  and  of  insecta,  and  of  extinct  tropical 
plants,  marked  the  era  of  the  country  of  the  Iguanodon. 

We  were  then  conducted  to  other  seas  (tboee  of  the  OoUtt 
and  Lia»),  the  waters  of  which  abounded  with  fishes,  mol- 
loses,  and  soopbytes,  and  were  inhabited  by  marine  reptiles, 
wholly  unlike  any  that  now  exist ;  while  the  dry  land  woa 
tenanted  by  enormous  terrestrial  and  flying  reptiles,  small 
marsupial  aDimals,  and  insects,  and  possessed  a  subtropical 
flora  of  a  peculiar  character.  - 

Tbe  Triataie  deposits  showed  us  a  somewhat  similar  group 
of  aninals  and  vegetables.  But  in  the  Permian  strata, 
though  BO  similar  in  mineralogies!  characters  to  the  last,  we 
met  with  a  totally  different  fauna  and  flora ;  and  indeed 
entered  upon  the  palieoxoio  system  of  life,  having  paased 
downwards  through  the  successive  periods  of  the  neotoU 
system.  The  Permian  sea  was  fuU  of  life,  and  the  land 
was  clothed  with  fema  and  conifers,  and  was  inhabited  by 
many  reptiles,  which  united  the  characters  of  the  sauriani 
and  the  batrachians ;  and  possibly  mammals  also  existed.* 

The  succeeding  era  disclosed  extensive  regions  covered  by 
a  luxuriant  vegetation  (the  Carboniferout) ;  with  jungles 
and  forests  of  arborescent  ferns,  coniferie,  and  gigantic  trees 
related  to  the  existing  club-masses  and  equisetaceie ;  the 
numerical  preponderance  of  the  flowerless  plants  constituting 
a  botanical  character  unknown,  with  but  one  exception,  in 
modem  floras.  The  land  bore  sauro-batraehian  reptiles  and 
insects ;  the  fresh  and  brackish  waters  swarmed  with  moL 
*  Aceoiding  to  Emmona ;  see  p.  570. 
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luBCB,  crustaceans,  aud  fishes ;  aud  the  ocean  abotmded 
ia  fiehea,  molluscs,  aod  zoophytes,  of  peculiar  genera  and 
speciea.  We  advanced  to  other  oceans  (the  Devonian  and 
the  Silttrian),  the  repositoricB  of  corals,  crinoide,  and  mol- 
luecB;  all  of  the  palraozoic  types  of  form.  The  Derouian 
waters,  too,  swarmed  with  fishes,  some  of  them  similar  to 
those  of  the  Carboniferous  period ;  and  a  few  reptiles 
existed.  The  Silurian  seas  were  for  a  long  time  destitute 
apparently  of  fish  ;  but  at  last  a  few,  similar  to  those  that 
abounded  shortly  afterwards,  appeared  before  the  Silurian 
period  closed.  In  the  Devonian  series  we  saw  abundant  re- 
lies  of  terrestpal  vegetation,  related  to  that  of  the  Car- 
boniferous lands ;  nor  is  some  trace  of  such  a  fiora  wanting 
in  the  later  portion  of  the  SUurian  age. 

But  as  we  proceeded  in  a  descendiDg  order,  traces  of  ani- 
mal and  vegetable  existence  became  lees  and  less  manifest, 
and  wera  at  length  reduced  to  worm-marks  anda  few  doubt- 
ful sea-weeds ;  these  finally  disappeared,  and  dubious  veatigea 
of  in^oria  were  the  last  indications  of  organic  life. 

43.  SxrccEasTTE  CHUfSES  in  thk  o&QiJsia  eihsdomb. 
— If  we  reverse  the  order  of  our  retrospective  survey,  and 
pass  in  succession  from  the  most  ancient  to  the  modem  de- 
posits,— from  the  regions  of  sterility  and  plutonic  action, 
to  those  in  which  animal  and  vegetable  life  were  profuselj 
dereloped, — we  obtain  the  following  reBults: — 
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bnndant).  En- 
la  (plentiM) 
Cephalc-"' 


lopoda  r    ■ 


itbedi. 


laye  been  de--! 

r.    Piah«9  are  I  Mucoids,  Lycopod^aces,  CBlluilit4)cec, 
-achiopoda  are  [      Fema,  and  Conifers. 
IBOI,  p.  160.)  ■' 

away;  wlulst-i  Fncoids,  Fnngi,  Lycopodiaeee,  Cala- 
01.   (ETidence  I      mitaeefe   and   EquiMtaceee,   Ferns, 
e  chaiactere  of  ["     ConiferB,  Cjcads,  and  Bome  Phanero- 
■'      gamic  pisnti. 

Insecti),  but-i  j^f^  Lycopodiaoeffi,  CalamitacwB, 
agahaaasignaj      ^od  Conifen. 


(seop.  661).  J 
liCsra  (abimd-^ 
Ichinodermata 
KozoiB  age-), 
adant),  Bryo- 
poda  (gener- 
sizoic  forma), 
nd  Belemnites 
homocercal), 


imW], 
iipial  and  in- 


ipods,  fewer 

1  KM  haTing 
ara),  abnnd- 
th  herbiTores 
lermata,  Pro- 
close  of  this 
that  of  the 


rrllv  pffOTtd  b 


,  -     ,  Conifen,   and 

Cycads.  (The  last  are  more  abund- 
ant than  m  the  PalKozoui  ages.) 


Palme,  Conifers,  and  Angiospermaua 
fiaaU.  (The  last  were  pWtifid  only 


Jl  the  Cretaceous  period.) 


rhe  Bumeronc  fknilies  of  the  Aco^- 
ledonous,  Mon(icolyledanons,and  Di- 
cotyledonons  danes  that  exist  at  the 
present  day.  (Bee  p.  73*.)  (The 
abnndance  of  AngirBpermoiu  rege- 
tatiou  chaiactenzes  the  Tertiary 
" —  as  distinct  from  that  of  th* 
f  periods.) 
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This  eketch,  afforded  by  the  aocompMiymg  table,  presents 
an  outline  of  the  most  Btrikisg  cbangee  observable  in  the 
succeasion  of  organic  beings  preserved  in  the  respective 
formations. 

In  this  view,  fucoids,  annelides,  zaophyt«s,  crinoids,  crusta- 
ceans, and  mollueca  afford  the  oldest  evidences  of  organic  ex- 
istence remaining  to  us.  These  receive  the  addition  of  lyco- 
podiaceous  plantB  on  the  one  hand,  and  of  fishes  on  the  other : 
both  possibly  indicating  the  growing  up  of  a  neighbouring 
shore  in  the  Upper  Silurian  sea  of  the  British  area.  In  the 
succeeding  periods  reptiles  and  insects  appear,  with  aauroid 
and  other  fishes,  and  on  immense  development  of  vegetable 
forme,  particularly  of  the  cryptc^amic  class.  Lai^e  reptiles 
next  prevail  to  an  extraordinary  degree ;  and  doubtful  indi- 
cations ofbirds,andafew  small  mammalia,  attest  the  existence 
nf  the  higher  ordeni  of  animals.  The  vegetable  kingdom  is 
greatly  modified  ;  palms  appear,  and  plants  and  trees  of  the 
cycadeous  and  coniferous  tribes  preponderate.  The  next  re- 
markable change  is  in  the  sudden  increase  of  mammiferouii 
animala,  and  the  reduction  of  the  reptile  tribes;  the  large 
extinct  pachydermata,  as  the  mastodon,  mammoth,  &c.,  asso- 
ciated with  existing  genera  and  species  of  other  classes  of 
animals,  first  appear.  From  this  period  to  the  creation  of 
Man,  there  are  no  striking  gener^  modifications  in  the 
ToriouB  orders  of  animal  and  vegetable  existence. 

Hence,  according  to  our  present  palieontological  know- 
ledge, the  first  appearuice  of  certain  classes  and  orders  of 
animals  was  in  the  following  chronological  orders : — 

f  Radiuia. 

Intertebrata  J  Crustacea  (EntoniOBt»c«). 

(MoUiuo. 
VeHebrat*.  )  Fishes  {CephalsspUes 

(In  the  Ludlov  rocks  only.}  )  and  Placoida). 
Fiahea  of  several  familips,  but  all  /teteroefnal. 
Reptiles  (rare;  p.  797}. 
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Beptiles,  Dumeroiu  (BatrHcho-MuriMU). 
Land-ibell  (NoT>-Scolia). 

^  CnuUceani,  of  bi^ei  grade  than  the  EntomoMrooB. 
(  Heptilat  (BkCndut-uuruns  ud  Sauriuu). 
PERMiiK      .    .  I  j,j„,„gjg  {CJhsUiain  Coal-fleU,  North  Caroliiui). 

,  Fiahes,  mosll;  homoom'cai. 
_  )  Hepliles,  abuoduit  (Baliacho-nuriaiu,  EnaltoaaurunB, 

*  i      and  otlierE). 
\  Uunmal  (Stuttgart). 
r  Great  Tenealrial  Dinoaauriaiu. 

Plcrodactj'lea. 
j  Crocodilian  Saurians. 
Jinuaaio  amo    J  seTeral  Mammalia(PachydetmtSteieopuithnB],Mar. 
CaatiJiBOU*     1       gjipj^  InaecliTOroua,  and  CeUcean  f). 
BiidsF 
(-Proibviater  Pulmonibnxu  HoUuaca. 

i  Mammalia  of  all  ordera,  except  Han,     (The  BnmU 
nantla  and  Proboacidea  appeared  last) 
Bird!. 
PofT-TEBTiiBY      Man. 

It  waa  from  this  apparentli/  succesiive  development  of 
living  beings,  from  the  most  simple  to  the  moat  complex 
organisatioDB,  that  the  geological  theory  which  once  pre- 
vailed took  its  rise ;  •  but  I  scarcely  need  remark,  that  the 
facts  we  have  stated  warrant  no  euch  ioference :  for  manj 
of  the  fossil  animals  which  appear  in  the  most  ancient  or 
earliest  strata  belong  to  orders  having  a  highly  developed 
organization.  Kor  does  the  vegetation  of  those  remote  pe- 
riods lend  any  real  support  to  such  a  hypothesis  ;  conifeite 
and*  the  most  perfectly  organized  of  the  cryptogamio  class 
forming  the  flora  of,  at  least,  the  Upper  Paleozoic  period. 

U.   OxOLOaiCAL  ZlrTlOTS  OT  STITAMICU,  AJID  CHEMtOAJ. 

ACTioK. — The  physical  changes  that  have  taken  place  on 
the  earth's  sur&ce  are  in  perfect  harmony  with  the  modi- 
fications observable  in  animated  nature;  for  the  laws  cf 
mechanical  and  chemical  action  are  inaeparahly  connected 
•  See  Organic  Remains  of  a  Forraar  World,  lol.  iu.  p.  449. 
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with  those  which  goreni  vital  phenomeoft ;   and  w«  have 
incontroTertible  evidence,  th&t,  throughout  the  vast  periods 
over  which  our  obtervfttions  have  extended,  the  same  causes 
have  operated,  and  the  same  effects  followed.    Thus,  heat  and 
cold,  drought  and  moisture,  and  other  meteoric  influences, 
have  denuded  the  loftiest  peaks, — rivulets  and  torrents  have 
eroded  the  sides  of  the  mountain-chains, — sfcreamB  and  rivera 
have  channelled  the  plains  and  transported  the  spoils  of  the 
land  into  the  bed  of  the  ocean, — the  waves  of  the  sea  have 
wasted  its  sfaorra,  and  destroyed  the  cliffs  and  rocks  which 
opposed  their  progress, — silt  has  been  changed  into  clay,— • 
calcareous  mud  into  limestone, — sand  into  sandsttme, — 
pebbles  and  shingle  into  conglomerates  and  breccia,— and 
animal  and  vegetable  remainB  have  been  imbedded,  and  added 
to  the  mineral  accumulations  of  the  past  ages  of  our  planet. 
Beneath  the  surface,  the  action  of  electro-chemical  force« 
has  been  alike  unintermitting, — vegetable  matter  has  been 
converted  into  bitumen,  coal,  amber,  and  the  diamond,— 
earth  into  crystals  ,~-limestone  into  marble, — day  into  slate, 
— and  sedimentary  into  crystalline  masses  traversed  by  me- 
talliferous veins ;  the  volcano  has  poured  forth  its  rivers  of 
molten  rock, — the  earthquake  rent  the  solid  crust  of  the 
globe,— beds  of  seas  have  been  elevated  into  mountains, — 
subsidences  of  the  land  and  irruptions  of  the  ocean  have 
taken  place, — and  the  destructive  and  conservative  influences 
of  caloric  and  of  water  have  been  constantly  exerted ;  the 
phases  of  action  have  alone  differed  in  duration  and  intensity. 
"  AgM  bne  roll'd  Ibeir  conree,  &nd  Time  grown  grey. 
The  outh  has  gtthei'd  to  her  womb  ■gain. 
And  yet  again,  the  myriads  that  were  born 
Of  her  uncounted,  unremembei'd  Iribea. 
The  KU  have  changed  their  beda,— th'  et«nul  hillt 
Have  aloop'd  with  age, — the  solid  continenta 
Have  left  their  pisoe.— and  Uan't  imperial  works. 
The  toil,  piide,  atrength  of  kingdoms,  which  had  Aung 
Tfaeirhanghly  honoara  in  the  fhce  of  heaven, 
A*  if  immortal,  have  been  aweptawav."        Uskbi  Waks. 
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45.  Stkat^  composed  ov  OBOAiric  KEHA.INS. — In  a  pre- 
vioOB  discourse  (Lect.  YI.)  I  dwelt  upon  the  highly  inter- 
eating  subject  of  the  elaboration  of  calcareone  and  silicioiis 
strata  from  gaseous  and  fluid  elements  by  Tital  action,  and 
tbe  formation  of  islands  and  contiaents  by  the  agency  of 
countless  myriads  of  living  instruments.  Let  us  for  a  mo- 
ment consider  how  far  the  present  mineral  constituents  of 
tbe  eai*th'a  crust  have  been  derived  from  organized  beings. 

Tbe  strata  of  vegetable  origin  conaiat  of  peat,  of  forests 
ingulfed  by  aubsidences  of  the  land,  or  imbedded  in  the 
silt  and  mud  of  rivers  and  deitss,  or  in  the  bed  of  the  ocean, 
— of  tbe  lignite  and  brown-coal  of  the  tertiary  deposits, — of 
tbe  coals  and  shales  of  the  carboniferous  strata, — of  the 
fiicoid-beds  of  various  ages, — and  of  the  silicified  and  calcified 
tninia  of  trees  in  the  tertiary,  secondary,  and  upper  palao- 
Eoic  formations. 

But  tbe  strata  which  consiat  wholly,  or  in  a  great  mea- 
sure, of  animal  eiuvise  are  so  numerous,  and  of  such  pro- 
digious  extent,  that  the  interrogation  of  tbe  poet  may  be 
reiterated  by  the  philosopher — 

"  Where  is  the  dusl  th&t  has  not  been  bUtg  T  "        ToDNa. 
For  there  is  not  an  atom  in  the  crust  of  the  globe  that  may 
not  have  passed  through  the  complex  and  marreUous  labor- 
atory of  life ! 

Thus  we  find  that  all  the  varied  orders  of  animals,  from 
tbe  Animalcules  up  to  Man,  have  contributed,  more  or  less, 
by  their  organic  remains,  to  swell  the  amount  of  the  solid 
crust  of  the  earth.  Tbe  following  table  presents  a  concise 
view  of  some  of  the  most  obviaus  examples  of  this  indisput- 
able fact : — 

RoCia    COMPOBBD   WHOLLT    OB   PABTLT   OP   AhIKAL   ReHIIHS. 

GrTaptotitfl-scbisls  .    GrRptolites Liandeilo  rocks 

TrinacIeoB-slules  .    Trilobites Cuuloc  rocks 

PenUunenu-Tock  .    Fentamenu  lena,  &c    .    .    LlandoTerr  rocks 
Dttdtaj-limatons       {  ^°^^  SSS'    *"^  }  ^'^''^  ""=■" 
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GatUand-IimesUma 


CuthneM-flaga 
Devon-marblea 

CalceoU-Khiit 

GlymeniB-limestone 


Coral  marble  .     . 

EnciinitHl     niubl* 

and  slutlea  ■    . 

Shell-limeMooe  . 
FuBuiink-TOck  . 
Puh-beda  .     .     . 

MiuwI-buiiu .  . 
Iranatone-iiodiilM 


Zechatein  .    . 
UoBchellcalk  or  shell- 


Bone-bed  .    . 
AmiDoiute-limeatime 
Aininolute-lIial«    . 


OOKPMED  or  OBOANIC  REMAINS.  USB 

IBejTicMm      brachiopods.   )  Wenleck  rock*       . 

I     ooiala,  &c ]  , 

Athyru  nariciila  ....    Ludlow  rocli* 
Coprolitea,  Bih-bones,  &c. .    Ludlow  rocks 

rFU-nm.iii     m    "''"'"  1  Old  lUd 

I     coDcrolioni f 

Fish-remaina  and  bitumen    Old  Red 

(Coral,    with    abdl.    wd  1  Deronian 

I     cimouu ) 

|CalCTola«ndalmaandotharjjj^^^^j^ 

(Clymeni^  gonUtites,  with)  ^^^^^ 
I     other  ahelU,  and  trilobiles  I 

(Minute       entomostraca,   )  „ 
shetli,  plaota,  Ac.     .     J  "*™°*" 
Corals,  bnchiopoda,  Sec.    .    Mountain-Umeglane 
I  Ctinoids,  biocbiopods,  Ac.      HauQiiin-Iimestone 

(Bnchiopodi,  foraminilera,  I  „       
*c.     . . . .  :iM"""»»-i-"»" 

Fusalina  cjlindrica  .    .    .    MounCain-litoestooe 

<     With  shells  and  corals     . ) 

I  Freshwater  shells,  such  as  I  „    . 

I     anthracosio,  &c.  ' 

Limali,  insects,  and  shells       Coal-o: 

PalGDOniscus,  Ac.  ...     .    Coal-n 
I  Foraminifera,    entomostia-  \ 
I     ca,  brjoioa,  corals,  and  |  Pennian 
(     shells  ) 

I  Shells,  cii)ioids,  Ac. .    .    .     Tiia* 

{Bones,  teeth,  and  coprolites \ 
of   Ddiee,  reptiles,    and  |  Triai 
tnammals  (rare)     .    .    . ' 


i  Shells  and  crlnoids,  with  \ 
bones   of    reptiles    and  J  Lias 
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Gryphile  UmeBtoiw  . 
Ceptulopodit-bed 

Shelly  limeslone  . 

SlonnGeldrOolite 


Kellowaya-rock   . 
Nerin  eea-1  im  ealon 
Portluid-slonG 
Chert  and  fiinl 
Coiljuls-beda    . 
Cinder-bed 
Purbeck-marbls  . 
Snnex-mBTble 
Tilgate-slone  (so 
beds)  .... 
Iriibsler-bedi  .    . 
Kentish  lag 
Oyster-beda 
FBiringdon  gravel 

Ammonile-bed  . 
Chert  and  flint  . 
Greenaand  .  .  . 
Hippurile-limeatoDe . 


Gi7ph«e  and  other  sheila  .    Lisa 
I  Remains  of  ammoniles  and  j 

belemnilaa,  with  flah-ie-  |  Oatit« 

TarebratulK  and  other  ahells     Oolita 
;  Sheila,  reptile^  Htha,  and  1  q^^^ 

(Sheila, corala,  crinoida, rep-  I  -  .. 
tiles,  and  flahea     ...  I 

I  Debrii    of     shelia,    echi- 1  „  ... 
,  .  '  1  Oolite 

I      nodemis,  Ac.     .     .         . ) 
Ammisiitea  and  other  ahella    Oolile 
Corali,  ahella,  &c.      .    .    .     Oolite 
Neiinsie  and  other  ahelU  .    Ooiila 

[Tmbm,      Irij.™,      "»■)„.,„, 

I     rooniteB,  and  other  ahells  ' 

Sponiies,  &c Oolite 

Carbulee  and  olher  shell*  .  Purbeck 
Oslnea  distorta  ....  Pnrbeck 
FalndiiiEe  and  cypiidn  .  .  Purbeck 
Paludinee  and  cypridn  .     .    Wealden 

(  b™  .r,j.iita  «,d  1.1...  1  „^_|j^ 

(     and  ireahwtiieT-ahelis      . ) 
Meyeria  Tectensia     .    .    .    Lower-gi 
TerebratnlEandolherahalla    Lower-greenaand 
Exogjits,  plicalnltt,  Ac.    .    Lover^reenaaad 

I     echinodeims,  ftc. .    .     . ' 

fPragnientsry     ammonitesi  \ 
with    otfaET    sheila,   and !  Gault 
crustaceans,  wood,  &c.  .  ' 
Sponges,  ahells,  &c.      .    .    Upper-greenaand 

(Casta  of  chambera  of  foi>- 1  „ 
mMm JOppo-rnramd 

I  Hippuriles,  ladiolitea,  and  I  ^i,  ^^ 
[     other  shells ( 

!  Sponges,  fomniinirera,  brj- , 
oioa.  echinodemis,  eras-  I  — ^  ,, 
tacea.  shells,    flahes,  and     ""* 

Sponges,  &c Chnlk 
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Maeatricht-chalk 

Paxoe-chalk    .    . 
Woolwich  Bhell-bed 


Nummulite-rock . 


AlTeolim-rock 


Gypsum-liedj  of 

Montmartie 
Induiial  limestone 


<£niiigcn-beds  . 
Pallid  iiu-beds  of 

HendoTiHill  . 
Pslunim  beds  of 

Toanine,  Ac. 
SabhiinBlajin  bed* 

Suffi'Ik  ccHg  .  . 
Bone-breccia  ■     . 

Bermuda-Iimeatoas 


STRATA  COMPOSED  OF  OBOANIC  ItEHAIItS. 

Sponge*,     foraminifera,    , 
corala,  bryoioa,  ecliino-  f  _.   ,. 
J . . -v-ii.  /  t^"« 


derma,  crusUcea,  shelln,  j 

flshea,  and  reptile*      .    . ' 

Brroioa,  tbelb.  Ac .     .    .    dialk 

Helania,  cyreoa,  and  other  1  ^    ' 

■  Remaitu  of  nautili  or  other , 
I     ahelb,   of  fielies,   or    off  _ 

eonnettonBTj' nodule*     .' 
Nnmniulite*  and  other  fo-, 

nminifera,    with 
,      a*1l-reni*ina,  &c.  .      .     J 
AtieolinK  and  other  fora- 1  „ 

minifera i^'^ 

Foraminifera,  brrozoh  and  1  _ 

imalia.bird»,l„ 


ihelli.  I  Socena 


ihell*  . 


Ac. 


r  Mammal*,    reptile*,  flaheo,  )  , 

I     inaecu,  4c i 

Pahidintt,  ftc 

Fniammifera,  brjozoa,  ecbi-\ 

noderma,  ahetl*,  fiahe*,  &c. ) 

f  BoDe*  of  mammalia,   rep-  ) 

1     tilia,  fie J 

\  Sponges,      bryoioa,      cru*- 1 
I     tacea,  echinodermt,  mol- 1 

Inace,  &c ' 

Mammalia  and  land-ahells. 
[  Corailinea,  corala,  aorpnla,  i 
I  ihell*,  oruafaceans,  &r.  .  I 
I  Human  bones,  land-shell*,  i 
I  ftc,  in  a  dabria  of  corala  !  1 
and  ahells  .  .  .  .  ' 
3  o  2 
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This  list  might  be  enlai^d  to  a  much  greater  extent,  for 
I  have  omitted  numerouB  strata  in  which  animal  remuns 
largely  predominate,  such  aa  the  lingula-flaga,  delthyris- 
ehale,  pentremite-LmeBtones,  and  the  annelide-saiidatoneB 
of  Cambrian,  Silurian,  and  Carboniferoua  age ;  and  in  the 
tertiarj  and  tnodem  periods  every  order  of  animated  nature 
ifl  found  to  have  contributed,  more  or  leas  largely,  to  the  se- 
dimentary deposits ;  the  bones  of  Man  appearing  only  in  the 
moat  recent  accumulations;  and,  by  the  geological  causes 
now  in  action,  not  only  the  remains  of  the  existing  orders 
of  animals  and  vegetables,  but  also  works  of  human  art,  are 
daUy  added  to  the  solid  cruat  of  the  globe. 

46.  Geitibal  Inferences. — Eestricting  ourselves  within 
the  bounds  of  legitimate  induction,  and  forbearing  to  specu- 
late  on  those  points  which  rest  on  insufficient  or  questionable 
data,  we  may  venture  to  draw  some  general  inferences  as  to 
the  varying  physical  conditions  of  the  surface  of  our  planet, 
and  of  animal  and  vegetable  life,  throughout  the  immense 
periods  contemplated  by  geology. 

From  the  remotest  epoch  in  the  earth's  history  recog- 
nisable by  man,  to  the  present  time,  we  have  seen  that 
the  mechanical  and  chemical  laws  which  govern  inorganic 
matter  have  undergone  no  change.  The  wasting  away  of 
the  solid  rocks  by  water,  and  the  subsequent  deposition  and 
consolidatioii  of  the  detritus  in  strata,  and  their  metamor- 
phiam  by  high  temperature, — the  subsidence  of  the  dry  land 
beneath  the  sea,  and  the  elevation  of  areas  of  the  ocean-bed 
above  the  waters,  and  the  formation  of  new  islands  and 
continents, — the  decomposition  of  animal  and  vegetable  sub- 
stances ou  the  surface,  and  their  conversion  into  stone  or 
coal,  under  circumstances  in  which  the  gaseous  principles 
were  confined,— the  transmutation  of  mud  and  sand  into 
rock,  and  of  earthy  minerals  into  crystals, — these  physical 
changes  have  been  constantly  going  on,  under  the  influence 
of  those  fixed  and  fmmutable  laws  established  by  Divine 
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Providence  for  the  mainteiuuLce  and  renovation  of  the  ma- 
terial Universe. 

And,  although  among  the  sentient  beings  which  have  from 
time  to  time  inhabited  the  earth  we  discover  at  successive 
periods  the  appearance  of  new  forms,  which  flourished 
awhile  and  then  passed  away,  while  other  modifications  of 
life  sprung  up,  and  after  the  lapse  of  ages  in  their  turn 
were  annihilated ;  yet  the  laws  which  governed  their  ap* 
pearanee  and  extinction  were  evidently  in  perfect  harmony 
with  those  which  regulate  inorganic  matter.  Every  species 
was  especially  adapted  to  some  peculiar  state  of  the  earth 
at  the  period  of  its  development ;  and,  when  the  physical 
conditions  changed,  and  were  no  longer  favourable  for  the 
continuance  of  that  type  of  organization,  it  became  extinct. 
The  creation  of  Man,  and  the  establishment  of  the  present 
order  of  things,  which  we  are  taught,  both  by  Bevelation 
and  by  natural  records,  took  place  but  a  few  thousand 
years  ^o,  are  events  beyond  the  speculations  of  Geology. 

It  follows  from  what  has  been  advanced,  that  both  animate 
and  inanimate  nature,  linked  together  by  indissoluble  ties  of 
mutual  adaption,  have  been  governed  by  the  same  mecfaauical, 
.  chemical,  and  vital  laws,  from  the  earliest  geological  epochs 
to  the  present  time;  and  that  the  absence  of  the  fossil 
remains  of  whole  orders  of  animals  in  the  paleozoic  ages, 
although,  perhaps,  in  some  measure  attributable  to  the 
feeble  development  of  those  types  of  being,  may  have  been 
occasioned  by  the  obliteration  of  their  remains  in  the  rocks, 
from  the  subsequent  effects  of  high  temperature :  at  the 
same  time  it  must  be  borne  in  mind  that  we  are  examining 
the  beds  of  ancient  oceans,  and  may  not  yet  have  explored 
those  parts  of  the  old  sea-beds  in  which  the  spoils  of  the 
land  are  concealed. 

47.  The  Ancient  Woeld.  — With  regard  to  the  surface 
of  the  earth  in  the  ancient  periods  comprehended  in  our 
survey,  there  can  be  little  doubt  that  its  physical  geography 
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preaented  the  uuue  general  features  ai  in  later  times ;  and 
that  then,  as  now,  the  land  was  diversified  by  hills  and 
dales,  mountains  and  gleos,  volcanic  peaks,  elevated  regions 
of  perpetual  anow,  and  vast  areas  of  eternal  ice, — sterile  and 
■andy  deserts,  and  fertile  alluvial  plains,  irrigated  by  atreams 
and  rivers ;  the  only  important  diecrepuncy  being  the  high 
climatorial  temperature  that  prevailed  over  extensive  areas 
at  certain  epochs,  and  the  correaponding  modifications  in 
the  organic  kingdoms.  (See  above,  pp.  772,  Ac.)  But  even 
the  moat  remarkable  onomaliea  in  the  terreatrial  &UQas  and 
floras  of  the  palieoEoic  ages  are  not  without  a  parallel  at  the 
present  time. 

Thus  New  Zealand  with  its  peculiar  flora,*  characterized  by 
the  predominance  of  ferns,  cluh-mosses,  &c.,  to  the  almost 
entire  exclusion  of  the  graminaceous  tribes, — and  ita  mam- 
malian &una,  conaisting  of  but  two  very  small  species  of 
quadrupeds  (p.  767), — and  the  bones  of  recently  extinct 
struthious  birds, — presents  a  general  correspondence  with  the 
lands  of  tbe  Carboniferous  and  Permian  periods.t  Australia 

•  See  Medals  of  Creation,  vol.  i.  p.  210. 

-f  In  >  gGDflral  retioapectire  view  of  this  kind,  the  minor  subdivisions 
w  foimatione  must,  of  oourae,  be  disregarded  ;  and  while  on  Ibis  subject, 
I  vould  direct  attention  to  tlui  folloiving  remarks  of  Hi.  Leonard  Homer 
in  his  Presidential  Address  la  the  Geological  Society,  1847  :  — 

"By  whatever  names  »e  designate  geological  periods,  there  appears 
to  exist  no  clearly  deSned  boimdariea  between  them  in  reference  to  the 
whole  earth:  such  a  marked  line  may  be  seen  in  particulai  locaUties, 
bat  every  year's  eiperience,  and  our  more  intimate  acquaintance  wilb 
(be  pbenomena  exhibited  in  difierent  coontriea,  and  with  the  dislri- 
batian,  structure,  and  habits  of  animals  and  vegetables,  teach  us  that 
there  ia  a  blending,  a  gradual  and  insensible  passage  from  the  lowest  to 
the  highest  sedimentary  strata,  particularly  in  respect  of  fossil  remains. 
The  term*  we  employ  to  designate  fcrniBtions  can  only  be  considered  aa 
expressing  the  general  predominance  of  certain  characters,  \a  be  used 
prorisionalty,  as  a  convenient  mode  of  classifying  the  facta  vre  collect 
together,  whilst  that  knowledge  is  accumulating  which,  in  after-ages,  will 
unravel  the  complicated  changea  that  belong  to  the  successive  periods 
into  which  the  history  of  the  structure  of  Q;e  whole  earth  may  be 
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and  Van  Diemen'a  Land  pociseaB  a  flora  equally  peculiar  and 
eitraordinary,  and  a  fauna  unlike  that  of  any  other  part  of  tbo 
world,  including  some  of  the  most  anomalous  of  existing  forms, 
as,  for  example,  that  marvelloua  creature  the  Ornithorhyncus. 
These  countries,  in  the  abundance  and  variety  of  the 
Gycadacen,  Araucarite,  £«., — in  the  marsupial  character  of 
the  great  proportion  of  the  mammalia, — and  in  the  tere- 
bratulie  and  trigonife,  and  the  cestraciont  fishea,  which 
swarm  in  the  seas  that  wash  their  shores,  approximate  in 
their  otganic  relations  more  nearly  to  those  ancient  lands  of 
which  the  triassic  and  Jurassic  beds,  and  especially  the  Stones- 
field-oolite,  are  the  debris  (p.  506),  than  to  any  of  the 
present  regions  of  the  earth.  And  lastly,  we  have  a  reflected 
image,  as  it  were,  of  the  Age  of  EeptUes  of  the  Secondary 
periods  in  the  eiclusively  reptilian  character  of  the  quad- 
rupeds of  the  Galapagos  Islands ;  one  species  of  mouse  being 
the  only  indigenous  mammal.* 

"This  Archipelago,"  observes  Mr.  Darwin,  "is  a  little 
worid  within  itself:  most  of  the  organic  productions  are 
aboriginal  creations,  found  nowhere  else.  Seeing  every 
height  crowned  with  its  crater,  and  the  boundaries  of  most 
of  the  lava-streams  still  distinct,  we  are  led  to  believe  that 
witnin  a  period  geologicaUy  recent,  the  unbroken  ocean  was 
here  spread  out.  Hence,  both  in  time  and  space,  we  seem 
to  be  brought  somewhat  near  to  that  great  fact — that 
mystery  of  mysteries, — the  first  appearance  of  new  beings 
on  this  earth." 

These  Islands  awarm  with  herbivorous  marine  reptiles, 
uthed  to  the  Iguanids,  which  are  known  in  no  other  part 
of  the  world,  and  they  are  as  completely  distinct  &om  all 

diridod."  See  alto  Mr.  Hsmilton's  remarkB  on  tlio  mme  sal^ject,  at  Ihs 
conclusion  of  hi*  Annirerury  AddreM  lo  Ite  Geological  Society,  185S. 

•  The  Galapngoi  Archipelago  is  &  group  of  Tolcmnic  islimdB  situalvd 
imder  the  Equator,  and  betwaen  fixe  and  ail  hundred  miles  westward  of 
the  American  coast.  3e«  Mt.  Darwin's  "  Jmrmalof  a  Voyage  round  tlie 
World,"  chap.  iviL 
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other  existing  reptiles,  ss  are  the  extinct  Iguauodon  and 
Megalosaurue.  The  flora,*  too,  contains  more  than  a  hun- 
dred plants  unknown  elsewhere.  There  is  not  a  fauna  or 
flora  in  any  of  the  ancient  geological  periods  that  presents 
greater  anomalies -t 

The  organic  relations  between  the  countries  abore  men- 
tioned and  their  geological  analogues,  may  be  thus  ex- 
pressed:— 

UODEBK  FeBIOP.  PuiUaT  AND  SbOOBD*BT  PEKlODi. 

,,      -  ( Countries  of  the  Carboniftrom  and  Perrnvm  ptriodt, 

(     M  indicated  by  foaeu  lemama. 
(  The  lands  whence  the  TViouic  uid  Jurtutic  strain 

AUITBIUA     .       .     }  1       ■       J 

)      were  denved. 
_      _  /The  Country  of  the  Iguanodon,  and  the  reoioite  that 

Taa  GAi^rAWM  I  ,-  j  .l    j  .   _    ,i  . ,        j  .l   n     ■ 

.  {     nipplied  the  detntiu  that  lonned  the  nuTio-manae 

'     ttrata  of  the  upper  aecmdai;  depouta. 

In  this  point  of  view  the  Country  of  the  Iguanodon  and 
the  Ago  of  Beptiles  may  be  considered  as  merely  disclosing 
exaggerated  effects  of  the  organic  law  which  imputed  to  the 
&una  of  the  Galapagos  Islands  its  reptilian  character. 

If  the  ancient  philosophere,  ere  the  diacoveries  of  Colum- 
bus had  q)ened  the  New  World  to  the  Europeati  mind,  had 
found  in  a  fossil  state  such  collocations  of  animals  and 
plants  as  are  presented  by  New  Zealand,  Australia,  and  the 
Glalapagos  Islands,  how  impossible  it  would  have  been  for 
them,  by  any  comparisoa  with  existing  nature  within  their 
circumscribed  geographical  boundary,  to  have  imagined  that 
such  assemblages  of  animated  beings  could  exist  contem- 
poraneously with  themselves.    In  fact,  the  present  geo- 

•  An  enumeiation  of  the  plants  of  the  GahipagDS  AreUpelago,  by 
Or.  J.  D.  Hooker,  is  published  in  the  Linmean  TransBctiolu,  vol.  ixi.  for 
1S47,  page  163;  and  by  the  sanie  author  "On  the  Vegetation  of  the 
Galapagos  Archipelago,"  op.  cit.  p.  235.  Out  of  253  species  of  plants, 
123  species  are  unknown  in  any  other  part  of  the  world. 

+  See  Appendix  E. 
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graphical  diBtribution  of  animals  &nd  pl&nte  affords  aa  many 
exceptions  to  the  general  rule  of  elimatorial  influence,  in  tbe 
relative  number  and  importance  of  different  OTders  of  ani- 
mals and  vegetables,  aa  are  to  be  found  in  the  veatigeB  of 
an  earlier  world." 

If  we  define  on  a  map  of  the  globe  those  areas  of  wbich 
the  geological  structure  is  known  Irom  actual  observation, 
we  shall  at  once  perceire  how  HmoU.  a  proportion  of  the 
earth's  crust  hsa  been  examined  by  the  scientific  obaerrer; 
how  large  a  part  of  the  euihce  above  the  water  is  concealed 
by  perpetual  ice  and  anow,  and  ia  otherwise  inaccessible  to 
philoBopbicaL  research ;  and  that  three-fifths  of  the  entire 
surface  of  our  planet  are  buried  beneath  the  waves.  These 
fiicts  are  highly  suggestive: — they  teach  us  that,  notwith- 
standmg  the  immense  accumulation  of  observations  made  in 
all  parts  of  the  earth,  the  data  hitherto  obtained  are  in- 
sufficient to  afford  a  true  picture  of  -the  fall  development 
of  organic  life,  aa  it  existed  in  the  most  ancient  periods. 

In  considering  these  questions,  it  must  too  be  remarked, 
that,  notwithstanding  the  differences  in  the  general  physiog- 
nomy of  the  earliest  and  latest  faunas,  there  are  certain 
Irrpes  common  to  both.  Thus,  though  Orthoceratites, 
Lituites,  Gkiniatitea,  &c.,  represent  the  cephalopodous  mol- 
luscs in  the  paleeozoic  seas,  yet  these  are  associated  with 
true  Nautili ;  in  like  manner,  with  the  extinct  Bracbiopoda, 
the  Spiriferi,  Leptiene,  &c.,  are  found  species  of  the  still 
existing  genera  of  Terebratula,  Crania,  and  Lingula.  So 
also,  in  the  tertiary  period,  existing  genera  of  mammalia 
and  of  terrestrial  reptiles  were  contemporaneously  inhabit- 
ants of  the  land  with  the  extinct  Mastodons  and  other 
Pachyderms,  and  the  colossal  Tortoises,  &e.     From  these 

■  See  Berghaua'a  and  Johnston'B  Phygical  Atlas ;  and  the  ingeniDos 
mftpa  of  the  OeogirBphical  Distiihutioa  of  eTigting  Animals  and  Plantt, 
in  the  delightful  work  of  thai  accomplialied  aulhoress,  Misa  Rosins 
Zomlin,  entitled  Reieaichea  in  Phjisical  Gecfiaphy,  or  (he  EbtIIi  hs  it  is. 
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conaic{en.tions  we  may  infer,  that  throughout  all  geological 
time  the  chuigeB  on  the  earth's  surface  have  been  subaer- 
vient  to  the  same  phyaical  and  organic  laws ;  and  that  the 
(MToxjHmal  teireatrial  dieturbaiicee,  though  apparently  in 
the  earlier  ages  involving  larger  areas,  and  operating  with 
greater  violence,  than  the  volcanic  eruptions  and  earth- 
quakes of  later  periods,  did  not  affect  the  established  order 
of  organic  life  upon  Uie  aur&ce  of  the  globe ;  and  we  may 
also  conclude,  that  throughout  the  innumerable  agea  indi- 
cated by  the  sedimentary  formations,  there  was  at  no  period 
a  greater  anomaly  in  the  assemblages  of  animals  and  vege- 
tables on  particular  regions  than  exists   at  the  present 

48.  CoHOitiET. — Thus  the  genenl  result  of  our  in- 
quiries into  the  ancient  condition  of  the  earth  proves  that 
the  changes  produced  by  mechanical,  chemical,  end  vital 
agency,  whether  on  the  surface  or  in  the  interior,  have  been 
the  same  throughout  all  the  periods  revealed  by  Geology  ; 
and,  aa  like  causes  must  produce  Uke  effects,  will  continue 
so  long  as  the  present  material  system  shall  endure. 

Hence,  deposits  now  in  progress  may  subside  to  the  in- 
nermost regions  of  the  globe,  and  &om  exposure  to  intense 
heat,  under  great  pressure,  all  teaces  of  sedimentary  <H^gin 
may  be  obliterated ;  and  at  some  future  period  these  meta- 
morphosed rocks  may  be  elevated  above  the  surface,  and 
appear  as  peaks  of  granite,  or  as  crystalline  mountain-chains, 
rising  from  beneath  strata  teeming  with  organic  remains. 

I  cannot,  therefore,  concur  in  the  generally  received 
opinion,  that  iu  the  most  ancient  granite  accessible  to  human 
observation,  we  see  the  primeval  framework  of  our  globe — 

*  Hence  the  so-called  Picturesque  Sketches  of  Creation,— (he  An- 
cient Worlds, — the  VealiRBB  of  Creation, — the  Romance  of  Geology, — 
and  other  works  of  a  like  naliir.^,  are  in  relation  to  the  philosophy  of 
Oeology  vh&t  the  historical  norels  and  romanoes  an  to  History— 
Biedteya  of  facta  and  fitluiua. 
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the  consolidated  enist,  formed  on  the  aur&ee  of  a  cooliBg 
planet,  and  BubBequeutlf  broken  up  b;  the  subsidences  and 
contractioDB  induced  by  continued  r«lHgeration.  The  only 
legitimate  inference  in  the  present  atate  of  our  knowledge 
appears  to  be  ibis,— that,  aa  at  a  certain  depth  the  .beds  of 
mineral  matter,  whether  of  alluvial  or  of  volcanic  origin, 
may  become  so  entirely  changed  in  atructure  and  composi- 
tion as  to  afford  no  certain  data  of  their  original  nature, 
therefore,  for  aught  we  know  to  tdie  contrary,  this  world 
may  have  been  teeming  with  life  innumerable  agea  ere  the 
formation  of  the  most  ancient  granitic  rocks  of  which  we 
can  take  cognizance. 

49.  I'iNAL  Effects. — In  fine.  Geology  does  not  reveal 
to  us  the  first  creation  of  animated  beings ;  it  does  not  afibrd 
any  physical  evidence  of  a  beginning ;  it  does  not  warrant 
the  attempt  to  explain  the  miraculous  interpositions  of 
Providence  by  the  operation  of  natural  laws ;  but  it  unfolds 
to  us  a  succession  of  events,  each  so  vast  as  to  be  beyond 
our  finite  comprehension,  yet  the  last  as  evidently  foreseen 
as  the  first.  It  instructs  us  "  that  ice  are  placed  in  lh« 
middle  of  a  tcheme, — not  a  Jixed,  hut  a  progretiive  one,-—- 
eoeiy  wag  ineomprehennble — ineomprekentihle  tn  a  meature 
equally  with  retpeet  to  what  hai  been,  what  now  U,  and  what 
thall  be  hereafter."  * 

This  new  volume  of  Natural  Eeligion  which  Geol(^  has 
supplied  baa  been  so  ably  illustrated  by  the  late  Dean  of 
Westminstor,t  that  we  need  not  dwell  on  the  evident 
adaptation  of  the  successive  tribes  of  living  beings,  through 
indefinite  periods,  to  the  varying  physical  conditions  of  the 
earth,  and  by  which  its  surface  was  ultimately  fitted  for  the 
abode  of  the  human  race.  Thus  the  infusoria  lived  and  died 
in  countlees  myriads,  and  produced  the  tripoli  and  the  opal ; 
river-snails  and  marine  molluaka  secreted  the  marbles,  and 
coral-polypes  the  limestones,  with  which  we  construct  our 
"  Blihop  Bullcr.  t  Bridgewaler  Trealiae. 
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edifices  and  om&ment  our  temples  and  palaces ;  sud  herb, 
plant,  and  tree  have  been  converted  either  into  a  msitenal 
to  enrich  the  soil,  or  changed  into  a  combustible  mineral,  to 
serve  as  a  fuel  in  after-ages,  when  such  a  substance  became 
indispensable  to  the  necessities  and  luxuries  of  civilized  man. 
Hence  a  nev  interest  haa  been  thrown  around  every  grain 
of  sand,  and  every  blade  of  girass ;  and  the  pebble  r^ected 
by  the  Divine,  as  affording  no  evidence  of  deeign,  becomes 
in  the  hands  of  the  Gteologist  a  striking  proof  of  Infinite 
Wisdom,* 

But  ought  we  to  rest  content  in  the  aseumptioii  that  all 
these  wonderful  manifestations  of  Creative  Intelligence  were 
solely  intended  to  contribute  to  our  physical  necessities  and 
gratifications  P — Say,  rather,  that  this  marvellous  display  of 
beauty,  power,  and  goodness  was  designed  to  fill  the  soul 
with  high  and  holy  thoughts,  to  call  forth  the  exercise  of 
our  intellectual  powers,  to  eicito  in  us  those  ardent  and 
lofty  aspirations  after  truth  and  knowledge,  which  elevate 
the  mind  above  the  sordid  and  petty  concerns  of  life,  and 
give  UB  a  foretaste  of  that  high  destiny  which  we  are  per- 
mitted to  hope  will  be  our  portion  hereafter ! 

50.  CoircLirDisfl  Bsma^kkb. — Having  thus  endeavoured 
to  interpret  the  natural  records  of  the  earth's  physical 
history,  and  traced  the  succession  of  geological  periods,  each 
embracing  indefinite  ages  of  long  duration,  and  the  muta- 
tions in  the  organic  kingdoms  of  nature  coincident  nith  the 
varying  conditions  of  the  lands  and  waters — mutations 
governed  by  laws  with  which  we  are  but  very  imperfectly 
acquainted, — let  us  finally  contemplate  the  relations  of  our 
planet  to  the  innumerable  worlds  around  us.  For,  whUe 
Astronomy  suggests  that  our  solar  system  once  existed  as  a 
diffused  mass  of  vapour  or  nebulosity,  which,  passing  through 

*  Palej'.  This  remurk  aliudeB  to  the  celebrated  argument  of  this 
dulinguiahed  author,  on  >  watch  and  ■  atone,  io  the  fint  page  of  hU 
Treatiae  od  Natural  Theologj. 
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BucccBBiTo  phases  of  condensation,  at  length  separated  into 
a  central  lumiiiarf  with  its  attendant  planets  and  satellites 
(see  p.  41) ;  she  also  instructs  ua,  that  this  system  is  but  an 
inconsiderable  cluster  of  orbs  in  regard  to  the  assemblage  of 
stars  to  which  it  belongs,  and  of  vhich  the  SRlky-iau/  is, 
as  it  were,  a  girdle,  our  ay  stem  being  placed  in  the  outer  and 
less  stellular  part  of  the  zone." 

But  the  astounding  thought,  that  all  our  visible  Universe 
ie  but  an  aggregation,'  a  single  group  of  suns  and  planets, 
which  to  the  inhabitants  of  the  remote  regions  that  can  be 
distinguished  oolj  by  our  telescopes  would  seem  but  a  mere 
luminous  spot,  like  one  which  lies  near  the  outermost  range 
of  observation,  and  appears  to  be  a  fac-simile  of  our  own, 
— impresses  the  mind  with  the  most  intense  feelings  of 
awe,  of  humility,  and  of  adoration  of  that  Supreme  Being, 
to  whom  worlds,  and  suns,  and  systems  are  but  as  the  sand 
on  the  sea-sbore ! 

"  Awake,  my  soul, 

And  meditate  ths  wonder  I  Coniitlera  mns 

Blaze  lound  thee,  leading  forth  their  counllen  warUa ! 

World»  in  whose  boionw  liTing  things  rejoice. 

Anil  drink  the  blin  of  being  from  the  fount 

Of  alt-pervading  Love !  What  mind  oui  know. 

What  tongue  can  utt«T  all  their  multitudes, 

Thui  numberlesa  in  numberleas  abodea  ? 

Known  but  to  thee,  bleat  Father  I  Thine  Ihey  are. 

Thy  childien,  and  thy  care, — and  none  o'eilooked 

OfThao!"  WiRE. 

Again,  when  conducted  by  our  investigations  to  the 
invisible  Universe  beneath  us,  the  Jmiky-tnay  and  the  IF^ed- 
ttars  of  animal  and  vegetable  life,  which  tbe  microscope 
reveab  to  us,  we  are  alike  overpowered  by  the  contemplation 
of  the  minutest,  as  of  the  mightiest,  of  Hia  works !  And  if, 
as  an  eminent  philosopher  hae  obaerved,  our  planetary 
•  See  Wheweira  Bridgcwaler  Treatise. 


■..iit,,CoogIc 


84C  THE  WOKDEM  OF  OEOLOOT.  Lrcr.  vnl. 

Bjatem  ifbb  grodiully  evolved  from  a  primeral  condition  of 
matter,  and  coatained  within  itself  the  elementa  of  each  aub- 
Bequent  change,  still  we  know,  that  ereiy  phyaical  pheno 
menon  which  has  token  place,  iroTD  fint  to  last,  hae  emanated 
from  the  immediate  will  of  the  Beitj. 


VALEDICTION. 


With  these  remarks  I  take  ferewell  of  the  reader  who  has 
accompanied  me  through  this  attempt  to  combine  a  general 
view  of  geological  phenomena  with  a  fcmiliar  exposition  of 
the  inductions  by  which  the  leading  principles  of  the  science 
have  been  established.  And,  if  I  have  succeeded  in  ex- 
plaining in  a  BatiB&ctory  manner  how,  bj  laborious  and 
patient  investigation,  and  the  successful  application  of  other 
branches  of  Natural  Philosophy,  the  "  Wonders  of  Geology" 
have  been  revealed, — if  I  have  removed  from  but  one  intel- 
ligent mind  any  prejudice  against  scientific  inquiries,  which 
may  have  been  excited  by  those  who  have  neither  the  relish 
nor  the  capacity  for  philosophical  pursuits, — if  I  have  been 
so  fortunate  aa  to  kindle  in  the  hearts  of  others  that  intense 
desire  for  the  acquisition  of  natural  knowledge  which  I  feel 
in  my  own, — or  have  illumined  the  mental  vision  with  that 
intellectual  light  which,  once  kindled,  can  never  be  ex- 
tinguished, and  which  reveals  to  the  soul  the  beauty,  and 
wisdom,  and  harmony  of  the  works  of  the  Eternal,  I  shall 
indeed  rejoice,  for  then  my  exertions  will  not  have  been  in 
vain.  And,  although  my  name  may  be  soon  foi^tten,  and 
all  record  of  my  labours  be  eflaced,  yet  the  influence  of  that 
knowledge,  however  feeble  it  may  be,  which  has  emanated 
from  my  researches,  will  endure  for  ever,  and,  by  conducting 
to  new  and  inexhaustible  fields  of  inquiry,  prove  a  never- 
failing  source  of  the  most  pure  and  elevated  gratification. 
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For  it  Ib  the  peculiar  charm  and  privilege  of  Natural 
Fhilosophj',  tliat  it 

; —  "  Cdii  ao  inform 

Ths  mmd  that  is  within  us, — ao  impreM 

Wilh  qutetneu  and  beauty, — and  so  (eeS 

With  lofty  Ihotights.— that  neither  eril  longuea,    ■ 

Rash  judgmenla,  nur  (be  sneera  of  wllish  men, 

Not  greetinga  where  no  kindnefa  jg,  nor  alt 

The  dreary  intercourse  of  common  life, 

Can  e'ei  prerail  againat  as,  or  diatitrb 

Our  cheeifTil  faith,  that  all  which  we  heboid 

Is  full  of  blessings ! "  Wordbwobtb. 

But  transcendent  aa  are  the  privileges  which  science  con- 
fers, the  true  philosopher  feela,  'with  the  deepest  humiliation, 
that  it  is  neither  in  the  acquisition  of  knowledge,  nor  in 
the  perception  of  the  true  and  of  the  beautiful,— even  were 
that  perceptive  knowledge  exalted  infinitely, — that  human 
happiness  can  find  a  resting-place,  or  the  cravings  of  the 
immortal  mind  be  satisfied.  Every  step  leads  on  the  im- 
patient inquirer  to  one  beyond  itself.  "  The  nicest  mecha- 
nical arrangement  of  the  particles  of  matter  does  but  compel 
ua  to  contemplate  those  subtler  agenta  by  whose  action 
magnetic  relations  and  chemical  affinities  are  next  developed. 
Eihaust  their  range,  and  still  there  is  p^pably  beyond  them 
the  mystery  of  tbe  vital  powers.  Follow  that  to  its  highest 
flottrce,  and  yet  we  have  but  reached  tbe  first  limits  of  those 
mightier  enei^os,of  reason,  conscience,  and  volition,  of  which 
'  we  feel  within  ourselves  the  living  action.  And  here,  where 
tbe  darkness  which  may  be  felt  presses  moat  heavUy  upon 
the  inquiring  soul, — here  in  seeking  to  know  the  Cause  of 
causes, — here  alone  can  there  be  any  repose  for  the  immortal 
spirit.  Only  on  Hm  who  made  him,  can  Man  rest  at  last 
tlie  burden  of  his  awful  being ! " 
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8UPPLEMENTABT  NOTES. 

A.  Paga  SS3, — Thb  aabject  of  the  origin  of  Crjetala,  as  indicated 
bj  the  natnieof  their  eocloaed  cavitiea,  and  as  bearing  on  the  fonnatioD 
of  granite,  is  of  bo  great  an  interest  that  the  following  abstract  of 
Mr.  Sorbj'B  paper  (read  before  the  Geological  Society,  Dec.  8, 1S57}, 
"  On  some  pecnliaritieg  in  the  Microscopical  Stmctore  of  CiTtitab, 
applicable  to  the  detennination  of  the  Aqueona  or  Igneous  Origin 
of  Minerals  and  Eocka,"  ia  here  given. 

In  this  paper  the  author  ahow^  that,  when  artificial  crjrstals  are 
examined  with  Uie  mierosoope,  it  is  seen  that  thej  hare  often  caught 
np  and  enoloaed  within  tbeir  solid  substance  portions  of  the  material 
Borrounding  them  at  the  time  when  the;  were  being  formed.  Thna, 
if  thej  are  produced  br  sublimation,  sm^  portions  of  air  or  T^or 
are  caught  up,  bo  as  to  form  apparently  empty  cavitiet ;  or  if  thej 
are  deposited  from  aolution  in  water,  amall  quantitiea  of  water  are 
encloaed,  so  aa  to  form  fiuid-caviUei.  In  a  similar  manner,  if  crystals 
are  formed  from  a  state  of  igneona  fflsion,  ccystallizing'  out  from  a 
fuaed-stone  aolTent,  portions  of  this  fused  stone  become  entangled, 
which,  on  cooling,  remain  in  a  glassy  condition,  or  become  stony,  so 
as  to  prodoce  what  may  be  called  glats-  or  tione-ea^itiet.  All  these 
kinds  of  cavities  can  readily  he  seen  with  suitable  magnifying  powers, 
and  distinguished  from  each  other  by  varioos  definite  peculiuities. 

From  these  and  other  facta,  the  following  conclusions  were  de- 
duced : — 

1.  Crystab  containing  only  cavities  with  water  were  formed  (nni 
solution. 
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2.  CrTKtaU  conUining  onlj  Bton&-  or  glasBHjivitiea  were  formed 
from  A  aUte  of  igneous  fusion. 

3.  Crjstala  containing  both  water-  Bud  stone-  or  glasa-cavities  were 
formed,  under  great  pressure,  by  the  combined  influence  of  highly 
heat«d  water  and  melted  rock. 

4.  That  the  amount  of  water  present  in  the  cavities  may,  io  somft 
oases,  be  employed  to  deduce  the  temperature  at  whioh  the  crystnls 
were  fonned. 

5.  Ciystttla  containing  only  empty  cavities  were  formed  by  sub- 
limatioa,  nnlesa  the  cavities  are  ftuid-eaTitiea  that  have  lost  their 
fluid,  or  aie  bubbles  due  to  foaion. 

6.  Crystals  containing  few  cavities  were  formed  slowly,  in  com- 
parison with  those  of  the  same  material  that  contain  many. 

7.  Crystals  that  contain  no  cavities  were  fonned  very  slowly,  or 
by  the  cooling  from  fusion  of  a  pure,  hom<^neouB  substance. 

Applying  these  general  principles  to  the  study  of  natural  crys- 
talline mineisls  and  rocks,  it  was  shown  that  the  fluid-cavities  in. 
rock-salt, — in  the  calcareous  spar  of  modern  tnfaceons  deposits,  of 
vans,  and  of  ordinary  limestone, — and  in  the  gypsum  of  gypseous 
marls,  indicate  that  these  minerals  were  formed  by  deposition  from 
solution  in  water  at  a  temperature  not  materially  different  from  the 
ordinaiy.  The  same  ooocluaions  apply  to  a  number  of  other  minerals 
in  veins  in  various  rocks,  and  to  many  seolites.  The  constituent 
minerals  of  mica-schist  and  the  associated  rocks  contain  many  fluid- 
cavities,  indicating  that  Uiey  were  metamorphosed  by  the  action,  of 
heated  water,  and  not  by  mere  dry  heat  and  partial  fusion. 

The  structure  of  the  minerals  in  erupted  lava  proves  that  they 
were  deposited  from  a  mass  in  the  state  of  igneous  fusion,  like  the 
crystals  in  the  slags  of  furnaces  ;  but,  in  some  of  those  found  in 
blocks  ejected  from  Tolcanos  (for  example,  in  nepheline  and  meionite). 
there  are,  besides  stone-  and  glass-cavities,  many  containing  water, 
the  relative  amount  of  which  indicates  that  they  were  formed,  under 
great  pressure,  at  a  dull  red  heat,  when  both  liquid  water  and  melted 
rock  were  present.  The  fluid-cavities  in  these  aqneo-igneons  * 
minerals  very  generally  contain  minute  crystals,  as  if  they  had  been. 
deposited  on  cooling  from  solution  in  the  highly  heated  water.  The 
minerals  in  trappean  rocks  have  also  such  a  structure  as  proves 
them  to  be  of  genuine  igneous  origin,  but  they  have  been  much 
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altered  bj  the  nbaMiiuiit  aotinii  of  vater,  and  num;  minerals  formed 
in  the  minate  c&Titiea  by  deposition  from  solutioa  in  vater. 

The  quartz  of  quarts-Teini  hai »  structure  proving  that  it  hu 
been  rapidly  deposited  from  solution  in  water  :  andin  someinattuuxt 
the  relative  amount  of  water  in  the  flnid-caiitie*  indicates  tiuU  the 
heat  was  eonijderable.  In  one  good  case  Ox  temperature  Ihm 
deduced  was  165°  C.  (32ir'  F.) ;  and  appuentlj,  when  the  heat  vu 
still  greater,  mica  and  tinstone  were  deposited,  and  in  aome  ease* 
probsblv  Btea  felspar.  There  is  then,  as  has  been  argued  bj  M- 
lUie  de  BeaomODt,  a  gradiul  pasauge  from  quartx-veins  to  those  of 
granite,  and  to  granite  itself ;  and  there  is  no  such  distinct  line  of 
dirinon  between  them  as  ought  be  eipected  if  one  was  a  deposit 
from  water,  and  the  other  a  rock  that  had  been  in  anch  a  state  ol 
pure  igneooB  fusion  as  the  al^  of  our  fnmacea  or  the  empted  lavas. 
When  the  constituent  minerals  of  solid  granite,  far  from  contact  with 
the  stratified  rocks,  are  eitniined,  it  is  seen  that  tbey  also  contain 
floid-cavities.  This  is  espeeiall;  the  case  with  the  quartz  of  coarsC' 
grained,  higblj  qnartzose  granitea,  in  which  there  ace  so  man;,  that 
the  proportion  of  a  thousand  millions  in  a  cubic  inch  is  not  at  all  un- 
Dsna! ;  and  the  enclosed  inter  constitutes  from  one  to  two  per  cent. 
of  the  volume  of  the  quartz.  Hovever,  beMdes  these  fluid-oavities, 
the  febpor  and  quartz  contain  excellent  stone-cavitiee,  precisetj  ana- 
logons  to  those  in  the  crystals  of  slag,  or  erupted  iavae  ;  and  thul 
the  i^aracteristic  stnictnre  of  granite  ia  seen  to  be  the  samo  as  that 
of  those  minerals  formed  under  aqueo-igneons  cooditions  in  the 
blocks  which  are  ejected  from  modem  volcanos;  ead  the  verj  com- 
mon occurrence  of  minute  crystals  inside  the  fiuid-cavities  still 
further  strengthens  this  analogy. 

The  conchtsion  to  which  these  facts  ai^Marto  lead,  is  that  granite 
is  not  a  dmpli  igmota  rock,  like  a  fumace-stag,  or  empted  lava,  hut 
ia  rather  an  a^o-ig»«o%»  rock,  produced  by  the  combined  inSueuM 
of  liquid  water  and  igneous  fusion,  under  similar  physical  conditjons 
to  those  existing  far  below  the  sorface  at  the  base  of  modem  vokanos. 

These  deductions  of  the  author,  therefore,  strongly  confinn  the 
views  of  Scrope,  Scheerer,  and  Elie  de  Beaumont ;  and  he  agrees 
with  them  in  considering  it  probable  that  the  presence  of  the  water 
during  the  consolidation  of  the  granite  was  an  instrument^  if  not 
the  actual  cause  of  the  difference  between  granite  and  erupted 
trachytic  rocks. 
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B.  Page  901— Loqam-  or  EOCUKO-woNBg. — In  th«  most  siw- 
cessful  of  all  the  iitteinpts  to  clothe  icieiice  in  the  gu-b  of  fancj, 
— Br.  Faru'B  delightfol  volnme  called.  "PhUotoplig  in  Sport  mad* 
Scienae  ia  Eameit" — then  ia  an  iateresting  account  of  the  roeHnf- 
ilona  of  Cornwall,  irhich  the  sitiqiUirieB  of  the  last  centnrj  claimed 
as  Bmidical  monuments,  but  whioh  bave  originated  in  the  natnnd 
amsee  eipluned  in  the  following  desoription  of  the  celebrated  Logan- 
or  lo^ing-stons,  near  the  Land's  End ; — 

"The  fonndation  of  this  part  of  the  coast  of  Cornwall  isaatnpend- 
ous  ^up  of  granite  rooks,  which  rise  in  pjramidal  dusters  to  a 
great  aJtitnde,  and  overhang  the  sea.  The  celebrated  Logan-stone 
is  an  immense  block,  weighing  abore  sixty  tons.  The  snr&ce  in 
contact  with  the  auder  rock  is  of  very  smaU  eitent,  and  the  whole 
mass  ia  bo  nicely  balanced,  that,  notwithstanding  its  magnitude,  the 
strength  of  a  single  man  applied  to  its  onder  edge  ia  sufficient  to 
make  it  oscillate.  It  ia  the  natnre  of  granite  to  disintegrate  into 
rhomboidal  and  tabular  masses,  wMoh,  by  the  farther  operation  of 
sir  and  moistare,  gradnally  bse  their  solid  angles,  and  approach  the 
spbenrid&l  form.  The  fact  of  the  upper  part  of  the  cliff  being  more 
exposed  to  atmospheric  agency  than  the  parts  beneath  will  sufficiently 
explain  why  these  rounded  massca  so  frequently  rest  on  blocks 
which  still  preserve  the  tabular  form ;  and  since  such  ^ieroidal 
blocks  mnst  obvionsly  rest  in  that  position  in  which  their  lesser 
axes  sre  perpendicular  to  the  horizon,  it  is  equally  evident  that, 
whenever  an  adequate  force  is  applied,  they  must  vibrate  on  their 
point  of  support."     Pkilomphjr  in  Sport,  sixth  edition,  p.  465. 

C.  Faffc  918.— The  Rev.  J.  B.  Keade,  F.K.S.  Ac,  on  Fossn.  In- 

In  a  letter  to  the  Author,  in  reply  to  an  inquiry  respecting  the 
possibility  of  the  existence  of  the  organic  structure  in  granite,  the 
Rev.  J.  B.  Ileade,  after  referring  to  his  previous  observations  on  thn 
indestructibility  by  heat  of  some  of  the  silicious  and  calcareous 
structures  of  the  higher  plants  (see  p.  716),  and  poiDting  out  that 
the  silicious  parts  of  the  Diatomacee  md  of  some  of  the  Protoioa 
also  retain  their  forms  and  characters  after  exposure  to  fire,— 
narked  as  foUows:— "My  original  inqoir;  having  thus  ci 
BM  to  the  ooaclusioB,  that  titicioai  orffonizaiioM  it  tuit  dettrvctible  if 
ike  agency  ofieat,  I  thought  it  not  nnreasonaUe  to  infer  that  a  care- 
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fol  mi  more  extended  niicroBOOpical  ei&mination  into  the  condition 
of  silica  might  lead  to  the  discoverj  of  elementftrj  organic  forms 
eyeo  in  the  primitive  strata  themselyea.  It  was  obyiously  not 
neoessai;  to  exclnde  granite  from  this  ezaminatian,  under  the  com- 
mon and  spparentl;  natoral  impression,  that  the  igneous  fosioa  which 
preceded  the  present  airaugement  of  its  particles  would  deatroj 
every  trace  of  oi^anization ;  for  I  had  before  me  too  manj  majiifest 
proofs  that  an  intense  white  heat,  though  capable  of  fosing  glass,  was 
incapable  of  effecting  any  change  in  the  minute  silicions  organiza- 
tion both  of  plants  and  diatoms.  Moreover  there  appeared  to  be  a 
strong  suspicion  in  some  minds  that  every  successive  surface  of  om' 
globe  had  been  charactmicd  by  its  own  minate  living  forms ;  and 
yon  yoniself  had  more  than  once  contended  for  the  existence  of  life 
during  the  granitic  period.  To  give  a  reality,  however,  to  &JSril 
eondilioH,  thus  pronounced  to  be  probable,  we  must  discover  ailicions 
skeletons  or  shields  even  in  granite  itself.  But  here  arises  a 
difficnlty  which  it  wilt  baffle  our  ntmost  ingenuity  to  remove  ;  for, 
tliough,  on  the  one  hand,  I  met  with  silicions  corpnscules  in  the 
primitive  rocks,  and  Und,  on  the  other  hand,  that  the  indestruotible 


organic  skeletons  of  recent  Infusoria  exhibit,  even  onder  a  power 
of  900  linear,  a  striking  similarity  of  form,  yet  the  entire  absence 
of  external  structure  precludes  me  from  assigning  a  common  origin 
to  the  ancient  and  recent  organisms.  Still,  the  inquiry,  even  in  its 
present  state,  b  far  from  being  fmitless ;  for  it  cannot  be  a  matter 
of  sttfprise,  that  immense  mountain-masses  should  have  been  found 
to  consist  of  an  a^regation  of  symmetrical  bodies  between  j,'^,  and 
iifcii'^an  inch  in  diameter,  articulated  tc^ther  in  the  fonu  of  rings 
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as  in  chalk  {Ltg*.  S13),  or  of  slender  threads,  as  in  limestone  and 
the  quartz  of  granite,  and  that  an  exact  counterpart  of  this  cnrioos 
structure  iu  the  mineral  hii^om  should  be  exhibited  in  the  veget- 
able bj  the  monldiness  of  paste  and  the  QaUioniUa/emgiitea." 


The  Rev.  3.  B.  Beade,  in  a  courteous  repl;  to  the  Editor's  in- 
qnirf  on  some  points  of  the  intereating  researches  detailed  aboie, 
states  that — - 

"Some  of  the  discoid-looking  spots  which  I  obserred  in  granite 
might  pombly  have  been  the  minute  air-  or  water-cATities  of  Sorbj 
(see  p.  883) ;  but  those  discovered  in  miea  (and  flgured  by  Mantell) 
had  too  much  the  appearance  of  silioiona  organic  structure  to  aUow 
me  to  confoond  them  with  such  cavities." 

The  LUfn.  213  exhibits  another  interesting  result  of  the  Eev.  Mr. 
Reade's  microscopical  researches  in  the  minute  stmctuie  of  rooks, 
and  was  published  in  the  first  edition  of  the  "  Wonders  of  Geologj." 
Although  at  first  regarded  as  being  illustrative  of  the  occurrence  (tf 
infusorial  oi^oniams  in  the  chalk,  these  beaded,  discoid,  and  ring-like 
bodies  are  more  probablj  the  result  of  the  disintegration  of  the  shells 
of  .ForaminiCcra  (as  Mr.  H.  C.  Sorbj  has  suggested  in  connexion 
with  some  of  his  own  observations  on  the  minnte  structure  of  lime- 
stones, Ac).  Be  this  as  it  may,  we  cannot  but  hope  that  Mr.  Beade, 
Mr.  ;-orby,  Mr.  Schafhault,  Mr.  Bryson,  Prof.  Ebrenberg,  and  others 
will  continne  their  labours  in  "Micn^eologj"  or  "  Clinology,"  as  this 
branch  of  reseu^h  has  been  termed ;  for  it  is  a  wide  and  promising 
field,  hat  little  cultivated  as  yet. 

D.  Page^^%. — pAitAU,EL  TBRaiCBS  os  GtBuBor. — I  am  induced 
to  notice,  in  this  place,  a  remarkable  phenomenon  observable  in  some 
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ti  the  gleni  of  the  Highlands  that  border  the  Qreat  CsledoniBnVBllej, 
becwiie  the  lobjeot  has  eicited  the  attentioti  of  the  tounst  and  the 
geologist.  In  several  of  the  glens  of  Ixxdiaber,  bat  more  especiiiU; 
in  that  of  Glen  Roy,  there  are  parallel  terrsioes,  at  various  heigbta, 
extending  on  either  side,  and  which  present  so  regular  and  artificial 
an  appearance  as  to  have  been  ascribed  to  human  art ;  and  the 
ancient  Highlanders  supposed  them  to  be  roads  formed  b;  their 
hero  Fingal. 

The  vallej  of  Glen  Ro;  is  of  an  oval  form,  and  is  ahont  four  miles 
long,  and  one  or  more  wide,  being  bounded  on  two  opposite  sides  hj 
high  mouatoins.  Through  the  middle  of  this  valley,  a  river,  formed 
bj  the  confluence  of  some  mountain-streams,  flows  into  the  Spean 
Water. 

On  each  side  of  this  long,  hollow,  deep  vallej,  which  is  bounded 
by  dark  and  lofty  mouutaias,  and  at  a  great  elevation,  three  strong 
lines  aje  Been,  parallel  to  each  other  and  to  the  horizon ;  the  levels 
of  the  opposite  ones  coinciding  precisely  with  each  other :  and  so 
stnLing  is  this  symmetrical  character,  that  the  observer  can  with 
difficulty  divest  himself  of  the  idea  that  he  is  contemplating  some 
Cyclopean  work  of  the  olden  times.  A  slight  examination  of  the 
nature  of  these  parallel  terraces  is,  however,  sufficient  to  convinoe 
the  instructed  observer  that  they  are  probably  the  shores  of  an 
ancient  lake,  fed  from  the  neighbonring  Alpine  regions,  which  at 
distant  periods  became  shallower,  and  at  length  entirely  disappeared, 
from  the  erosion  of  the  barrier  which  formerly  confined  its  waters." 
The  following  explanation  of  the  phentHuenon  is  from  a  paper  by 
Mr.  D.  Milne,  which  corroborates  also  the  <^muons  of  Professor 
Playfair  and  Dr.  Maocullooh:t— 

The  parallel  shelves  or  terraces  of  Lochaher  consist  generally  of 
bared  rooks,  forming  sloping  channels  or  water-courses ;  and  they 
bear  no  aooumulationa  of  littoral  deposits  or  detritus.  They  are  per- 
fectly horizontal,  and  are  aU  coincident  with  some  sommit-levei,  so 
OB  to  admit  of  the  water  flowing  over  that  level  as  over  a  lip- 
Thus  the  uppermost  shelf  of  Glen  Gluoy  is  exactly  coincident  with 
the  watershed-ridge  which  divides  that  gkn  from  Glen  Eoj ;  bo  that 

"  On  Ihe  PiMllel  Rwdi  of  Lochitat,  bj  Ds7id  Ullne,  Esq.,  Edinburgh  Ke" 
Philosophlcil  JounikJ,  October,  IB4T. 

f  S«  Dr.  UwKuUacb,  «n  Ihi  PanIM  lUidiotGtcnItoT,  Geologtul  TiUHMioni, 
vol.  iv.p.  SUjituKr.Dualn,  PbiLTniu  lUS.put  1,  p.  M. 
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the  watcn  which  stood  at  that  height  mvst  hue  flowed  ont  st  the 
head  of  Gtes  Gluoj  into  Glen  Roj.  In  like  mauaet  the  uppermost 
terrace  in  Glen  Bo;  is  coincident  with  the  watershed'ridge  dividing 
Glen  Ro;  from  the  valley  of  the  Spe; :  the  waters  which  atood  in 
Qlen  Roj,  at  tiie  second  levd,  most  therefore  have  flowed  over  the 
head  of  the  glen  into  Spey  Vallej.  And  the  middle  terrace  of  Glen 
flo;  coincidea  with  a  watershed  at  the  head  of  Glen  Glaater. 
Ancient  river-eoursei  may  be  traeed  leading  from  the  different  levels 
of  the  terrace*  into  the  neighbouring  glens  and  valleye  of  lower 
levels ;  and  it  seems  evident  that  the  watera  which  formed  the 
several  terraces  flowed  out  of  the  gleas,  and  descended  by  river- 
oonrses  into  the  low  conntries.  Thus  the  waters  which  formed  the 
terrace  in  Glen  Glaoy  descended  nearly  thirty  feet  by  flowing  into 
Olen  Boy;  those  of  the  upper  shelf  in  Glen  Hoy  flowed  in  like 
manner  into  the  valley  of  the  Spey;  those  of  the  middle  terrace 
were  discharged  over  the  head  of  Glen  Glaster  down  a  slope  of  SI2 
feet  in  vertical  height  into  Olen  Spean ;  and  the  waters  that  pro- 
dneed  the  terrace  or  shelf  in  Qlen  Spean  issued  out  of  Lake  Loggan 
by  the  ancient  river-course  at  Mnkknl. 

It  appears,  therefore,  that  barriers  originally  ciiated,  which  pent 
up  the  waters  at  different  levels  in  the  glens,  and  were  lowered 
at  interv^a;  until  at  length  the  lakes  were  dried  up,  from  the 
waters  sinking  from  the  level  of  the  highest  shelf  to  the  nert;  and 
thus,  bj  successive  steps,  as  the  barrier  was  worn  away,  the  lower- 
moat  terrace  was  at  length  formed ;  and  nltimately  the  system  of 
lakes  disappeared,  from  the  bwrier  having  been  entirely  removed. 

E.  Page  940.— Mr.  Dakwin,  oh  thb  Oalapaoos  Arckkblaqo. 
— "This  archipelago  consists  of  ten  principal  islands,  of  which  five 
exceed  the  others  in  size.  The  largest,  Albemarie  Island,  is  of  an 
angular  form,  and  100  miles  in  length.  They  are  all  formed  of 
volcanic  rocks ;  a  few  fragments  of  granite,  enriously  glazed  and 
altered  by  heat,  can  searoely  be  considered  as  an  exception.  Some 
of  the  craters  surmounting  the  larger  islands  are  of  immense  size, 
and  they  rise  to  a  height  of  between  three  and  four  thousand  feet. 
Their  fl&nks  are  studded  by  innumerable  smaller  orifices.  I  scarcely 
hesitate  to  affirm,  that  there  must  be  in  the  whole  archipelago  at 
leaat  two  thousand  craters  :  these  consist  either  of  lava  aod  scoriK, 
or  of  finely-stratifled  sandstone-like  toff.    Most  of  the  latter  are 
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bmriifallj  Bjininetrical ;  tbej  .owe  their  origin  to  emplions  of 

Tolcanio  mod  without  an;  lava."  A  small  jet  of  amoke  was  seen 
culling  from  one  of  the  craterg  in  Allieinarle,  and  eniptiona  are 
known  to  have  taken  place  in  modem  tiniea. 

Great  parts  of  the  surface  of  most  of  tlie  islands  are  broken  fields 
of  black  basaltic  lara,  thrown  into  the  most  m^ed  wares,  and 
crossed  by  great  fissoTes,  and  covered  bj  stunted  sm-bumt  brush- 
wood. But,  while  tbe  lower  parts  of  the  islands  are  verj  sterile, 
the  upper  r^ons,  at  a  height  of  a  thousand  feet,  possess  a  damp 
climate  and  a  tolerablj  loiuriaut  vegetation.  Hie  commonest  bosh 
is  one  of  the  Eaphorbiacec,  and,  with  an  Acacia  and  a  great  odd- 
looking  Cactus,  are  the  only  plants  that  afford  any  shade.  Coarse 
gross  and  ferns  abound  in  the  upper  parts,  but  no  tree-ferns  nor 
any  of  the  Palm  family  were  observed.  Large  laud-tortoises,  in 
prodigious  numbers,  are  the  principal  animals,  and  form  the  stqile 
article  of  food  to  the  inhabitants,  who  are  nearly  oU  people  of  colour 
banished  for  political  crimes  from  the  republic  of  the  Equator. 

The  rocks  on  the  coast  of  Albemarle  Island  abound  in  great  black 
liEirds,  between  three  and  four  feet  long,  betongii^  to  two  species; 
one  of  which  is  aquatic,  and  feeds  on  sea-weeds ;  the  other  is  ter- 
restrial. "They  are  allied  to  the  Iguanidie  (F),  and  belong  to  the 
genus  AvtblyrhfKckia,  which  is  confined  to  this  archipelago.  They 
have  long  toils,  flattened  laterally,  and  all  the  four  feet  are  partially 
webbed.  Most  of  the  other  organic  productions  are  found  nowhere 
else;  thwe  is  even  a  dissimilarity  in  those  of  the  different  islands; 
yet  all  show  a  marked  relationship  with  those  of  America,  though 
separated  from  that  continent  by  an  open  space  of  ocean  between 
600  and  600  nules  in  width.  Of  terrestrial  mammals,  there  is  only 
one  that  can  be  considered  as  indigenous,  namely,  a  mouse ;  and 
even  this  is  confined  to  Chatham  Island,  the  most  easterly  of  the 
group.  Of  land-birds,  twenty-six  species  were  obtained,  snd  all  but 
one  peculiar  ia  these  islands.  Of  the  order  of  reptiles,  in  addition 
to  the  Amblyriiynohi,  there  are  one  small  species  of  lizard  of  a  South 
American  genus,  one  snake,  and  of  marine  turtles,  or  chelonia,  more 
than  one  species,  and  two  or  three  of  tortoises.  No  batrachian 
reptiles,  as  frogs  or  toads,  were  observed.  The  Amblyrhynchi  kb 
very  abundant,  and  the  terrestrial  speoies  espeeiollj  in  some  places; 
in  James's  Island  their  burrows  were  so  numerous,  that  it  wis 
difficult  to  find  a  spot  free,  on  which  to  pitch  a  tent.    The  tno 
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Bpeciea  agree  in  their  general  structure,  and  in  manjr  of  their  haViita ; 
they  have  not  that  rapid  moTement  so  characteristic  of  the  genera 
Lacerta  and  Iguana.  Thej  are  both  herbivorous,  although  the  kind 
of  vegetation  on  which  thej  feed  ia  very  different ;  the  land-species 
feed  on  the  succulent  Cactus,  and  the  aquatic  species  on  sea-weed. 
Mr.  Bell  has  given  the  name  to  the  genus  from,  the  shortness  of  the 
snout ;  indeed  the  form  of  the  mouth  maj  almost  be  compared  to 
that  of  the  tortoise:  on  adaptation  probablj  referable  to  their 
herbivorous  appetites.  It  ia  very  interesting  thus  to  find  a  well- 
oharacterized  genus,  having  its  marine  and  terrestrial  species,  be- 
longing to  so  confined  a  portion  of  the  world.  The  aquatic  species 
is  hj  far  the  most  extraordinary,  because  it  is  the  only  existing 
lizard  which  lives  on  marine  vegetable  productions.  These  islands 
are  not  no  remarkable  for  the  number  of  the  species  of  reptiles,  as 
for  that  of  the  individuals.  When  we  remember  the  well-beaten 
paths  made  bj  the  thousands  of  huge  tortoises, — the  many  turtles, — 
the  great  warrens  of  the  terrestrial  Ambljrhynchi,— and  the  groups 
of  the  marine  species  basking  on  the  coast-rocks  of  every  island  in 
this  archipelago, — we  must  admit  that  there  is  no  other  quarter  of 
the  world  where  the  Order  of  Eeptiles  replaces  the  beibivoroos  . 
mammalia  in  so  extraordinary  a  manner.  The  geologist,  on  hearing 
this,  will  probably  refer  back  his  mind  to  the  Secondary  epochs, 
when  saurians,  some  herbivorous,  some  carnivorous,  and  of  dimen- 
sions comparable  only  with  our  ezistiog  whales,  swarmed  on  the 
lands  and  in  the  seas.  It  is,  therefore,  worthy  bis  especial  obserr- 
atiou,  that  this  ar<diipelt^,  instead  of  possessing  a  humid  climate 
and  rank  vegetation,  cannot  be  considered  otherwise  than  extremely 
arid,  and,  for  an  equatorial  climate,  remarkably  t«mperate.  The 
botany  is  as  peculiar  as  the  zoology.  Of  flowering  plants,  1S5 
species  were  collected,  of  which  100  are  new ;  that  is,  previously 
ankaowu  to  the  botanist;  and  40  cryptogamic  species."  Notwith- 
standing the  length  of  this  extract,  the  reader  should  refer  to  the 
original  for  many  highly  interesting  particulars,  and  sagacious  com-> 
ments,  which  are  here  ueeessarilj  omitted — Mr.  Darvm't  Jotmat 
of  a  Voyage  Sound  tie  World,  chap.  ivii. 
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L  Elbvxtiom  op  tHE  LiHD.— From  the  following  Btatement  it 
appe&n,  th&t  the  alow  mpward  moyement  of  tlie  land  is  in  progrea 
m  other  couatriee  u  well  as  in  Scandinavia  (see  vol.  i.  p.  115). 

"Gradual  rifing  of  Naefouniland  aboce  the  tea. —  The  whole  of 
the  land  in  and  abont  the  neighbourhood  of  Conception  Eaj,  verj 
probablj  the  whole  iBlaod,  i>  rising  out  of  the  ocean  at  a  rate 
vhich  promigei,  at  no  distant  day,  materially  to  affect,  if  not  lo 
render  oselesa,  many  of  the  best  barbours  on  the  coast.  At  Fort 
de  Grave  a  series  of  observations  have  been  made,  which  undeniably 
prove  the  nptd  displacement  of  the  sea-level  in  the  vicinity.  Seven! 
large  flat  rocks  over  wbich  schooners  might  pass  some  thirty  or 
forty  years  ago  with  the  greatest  facility  are  now  approaching  the 
iurface,  the  waters  being  soaroely  navigable  for  a  stiff.  At  a  place 
called  the  Cosh,  at  the  head  of  Bay  Roberts,  upwards  of  a  mile  from 
the  sea-shore,  and  at  several  feet  above  its  level,  covered  with  five 
or  six  feet  of  veget&ble  mould,  there  is  a  perfect  beach,  the  stones 
being  rotmded,  of  a  moderate  size,  and  in  all  respects  similar  to 
those  now  found  in  the  adjacent  land  waehea." — Nei^oundlanJ  l^mtt, 
Oclober,  18*7. 

In  Sir  Charles  Lyell's  admirable  Lecture,  "  On  the  snceessive 
Changes  of  the  Temple  of  Serapis  "  (delivered  before  the  Boyal  Insti- 
tution of  Great  Britain,  March  7, 1856),  we  find  so  mnch  valnable 
information  on  the  subjer^t  of  the  elevation  and  subsidence  of  areas 
of  land,  that  the  followbg  abstract  (from  the  Boy.  lustit.  Notices) 
will  be  of  great  use  to  the  atndent. 

"The  Temple  of  Serapis,  near  Naples,  is,  perhaps  of  all  the 
structnres  raised  by  the  hands  of  man,  the  one  which  affords  most 
instruction  to  a  geologist.  It  has  not  only  undergone  a  wonderful 
succession  of  changes  in  past  time,  but  is  still  nnde^oing  changes 
of  condition,  so  that  it  is  ever  a  matter  of  fresh  interest  to  learn 
what  may  be  the  present  state  of  the  temple,  and  to  speculate  on 
what  next  may  happen  to  it.    This  edifice  was  eithumed  in  17SC, 
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from  a  mixed  deposit,  extanding  for  miles  idoiig  the  eastern  shores 
of  the  Baj  of  Bain,  and  conaietiog  partly  of  atrata  coatwiiiag  marine 
shells,  with  fragments  of  bricks,  potte^,  uut  sculpture,  Emd  partlf 
of  Tolcanic  matter  of  subaerial  origin-  Tarious  theories  were  pro- 
posed in  the  last  centnrj  to  eiplain  the  lithodomous  perforations, 
and  attached  serpuln,  observed  oa  the  middle  aone  of  the  three  erect 
marble  columns  now  standing;  some  writers,  and  the  celebrated 
Goethe  among  the  rest,  suggesting  that  a  lagoon  had  once  existed 
in  the  atriom,  filled,  daring  a  temporarj  incursion  of  the  aea,  with 
salt  water,  and  that  marine  mollusca  and  annelids  flourished  for 
jeors  in  this  lagoon,  at  a  height  of  12  feet  or  more  ahoTe  the  aet- 
level.  This  hypothesis  waa  advanced  at  a  time  when  almost  an; 
amonnt  of  fluctuation  in  the  level  of  the  sea  was  thought  more  pro- 
bable than  the  sUghtest  alteration  in  the  level  of  the  solid  land. 
In  1807,  the  architect  Nioooliui  observed  that  the  pavement  of  the 
temple  waa  Arj,  except  when  a  violent  south  wind  was  blowing; 
whereas,  on  revisiting  the  temple  fifteen  years  later,  he  found  the 
pavement  covered  by  salt  water  twice  every  day  at  high  tide.  This 
induced  him  to  make  a  series  of  measurements  from  year  to  year, 
first  from  ISSS  to  1S3S,  and  afterwards  from  183S  to  1S45  ;  from 
which  he  inferred  that  the  sea  vras  gaining  annually  upon  the  floor 
of  the  temple,  at  the  rate  of  about  one-third  of  an  inch  during 
the  flrst  period,  and  about  three-fourths  of  an  inch  during  the 
second.  Mr.  James  Smith,  of  Jordan-hill,  when  he  visited  the  temple 
in  1819,  bad  remarked  that  the  pavement  was  then  dry,  bat  that 
certain  channels  out  in  it  for  draining  off  the  waters  of  a  hot  spring 
were  filled  with  sea-water.  On  bis  return,  in  1845,  he  found  the 
high-water  mark  to  be  33  inches  above  the  pavement,  which,  allowing 
a  slight  deduction  on  account  of  the  tide,  exhibited  an  average  rise 
of  about  an  inch  aunnally.  As  these  measurements  arc  in  accordance 
with  others,  made  by  Mr.  Babbage  in  1898,  and  by  Professor  James 
Forbes  in  1836  and  1843,  Mr,  Smith  believes  his  own  conclusion  to 
be  nearest  the  truth,  and  attributes  the  difference  between  his  average 
and  that  obtained  by  Niocolini  (especially  in  the  first  set  of  measure- 
ments by  the  latter  observer)  to  the  rejection,  by  the  Italian  archi- 
tect, of  all  the  highest  water-marks  of  each  year,  causing  his  mean 
to  be  below  the  true  mean  level  of  the  sea.  In  1853,  Signer 
Arcangelo  Scacohi,  at  the  request  of  Sir  Charles  Lyell,  visited  the 
temple,  and  compared  the  depth  of  water  on  the  pavement  with 
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ita  level  M  previooBlj  uoertamed  bj  himKlf  in  1839,  and  Found, 
after  making  allowauoe  for  the  tide  at  the  two  perioda,  that  the 
vater  had  gained  onl;  4}  inches  in  thirteen  years,  and  was  not  so 
deep  as  when  measured  by  lOL  Niccolini  and  Smith,  in  1S45; 
from  which  he  inferred,  that  after  1S45,  the  downward  movement 
of  the  land  had  ceased,  and  before  1S53,  had  been  oonverted  into 
an  upward  moTenient.  Since  that  period,  no  exact  acconiit  of  the 
level  of  the  wat«r  seenu  to  have  been  taken,  or  at  least  none  vhich 
has  been  published. 

"  Sir  Charles  Lyell  then  called  attention  to  the  head  of  a  statue^ 
lent  to  him  for  exhibition  bj  Mr.  W.  R.  Hamilton,  and  which  Mr.  E. 
had  purchased  from  a  peasant  at  Fuzznoli,  in  the  neighbourhood  of 
the  temple.  This  head  bears  all  the  distinctive  marks  of  the  Jnpitei 
Serspis  of  the  Vatican ;  and,  among  others,  a  flat  space  is  seen  on 
the  crown,  doubtleas  intended  to  receive  the  ornament,  called  the 
modios,  or  bushel,  an  emblem  of  fertility,  which  adorns  the  ancient 
representations  of  this  deity.  One  side  of  the  head  is  nninjored,  as 
if  it  had  liun  in  mud  or  send,  while  the  other  has  '  suffered  a  sea 
change,'  having  been  drilled  by  small  annelids,  and  covered  with 
adhering  serpulte,  as  if  submerged  for  years  in  salt  water,  like  the 
three  marble  columns  before  mentioned. 

"  The  speaker  then  alluded  to  an  ancient  mosaic  pavement,  found 
at  the  time  of  his  eiamiuation  of  the  temple,  in  1S3S,  five  feet  bebv 
the  present  floor,  implying  the  eibtence  of  an  older  building  before 
tbe  second  temple  was  erected.  The  latter  is  ucertaiued  by  inscrip- 
tlotts,  found  in  the  interior,  to  have  been  bnitt  at  the  close  of  the 
second  and  beginning  of  the  third  centuries  of  the  Christian  era. 

"  A  brief  chronological  sketch  was  then  given  of  the  series  of 
natural  and  historical  events  connected  with  the  temple  and  the 
surrounding  region ;  comprising  the  volcanic  eruptions  of  Ischia, 
Monte  Nnovo,  and  Vesuvius  ;  the  date  of  tbe  first  and  second 
temples,  and  their  original  height  above  the  sea ;  the  periods  of  the 
submergence  and  emergence  of  the  second  temple ;  the  nature  of 
tbe  submarine  and  supramarine  formations,  in  which  it  was  faumj 
buried  in  1750 ;  and,  lastly,  allusion  was  made  to  a  bird's-eye  viev 
of  this  region,  published  at  Borne  in  166S,  and  cited  by  Mr.  Smitii, 
in  which  the  three  columns  are  represented  as  standing  in  a  garden, 
at  a  considerable  distance  frota  the  sea,  and  between  them  and  llie 
sea  two  churches,  occupying  ground  which  has  since  disappeared. 
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The  history  of  the  siniing  and  baryiug  of  the  temple  in  the  dark 
ages,  respecting  which  no  honiiuE  records  are  eit&nt,  has  been 
deduced  from  minute  investigations  made  bj  Mr.  Babbage  and 
Sir  Edmund  Head,  in  1826,  respecting  the  nature  and  contents  of 
certain  depoeita  formed  round  the  columns,  below  the  zone  of  litho- 
doTQona  perforationa. 

"The  nnequal  amount  of  moTement  in  the  land  and  hed  of  the 
sea,  and  its  different  direction^  in  adjoining  areas  in  and  around  the 
Bay  of  Boiie,  were  then  pointed  ont ;  &nd  the  &ct  that  the  Temples 
of  Neptone  and  the  Nymphs  are  now  nnder  water,  u  well  as  some 
Boman  roads,  while  no  eyidence  of  any  oorresponding  subsidence 
or  oaoillations  of  level  are  discoverable  on  the  site  of  the  city 
of  Naples,  which  is  only  four  miles  distant  in  a  straight  line. 
Analogous  examples  of  upward  and  downward  movements  in  other 
parts  of  the  Mediterranean  were  cited,  sueh  as  the  sarcophagus  of 
Telmessus  in  Lycia,  described  by  Sir  Charles  Pellows ;  and  the 
changes  in  Candia,  recently  established  by  Captain  Spratt,  R.N., 
who  has  ascertained  that  the  western  end  of  that  isl^d  has  been 
uplifted  17  feet  above  its  ancient  level,  while  another  part  of  the 
southern  coast  has  risen  more  than  37  feet,  so  that  the  doclcs  of 
ancient  Grecian  porta  are  upraised,  as  well  as  limestone  roelcs 
drilled  by  lithodomi.  At  the  same  time  the  eastern  portion  of 
Candia  (an  island  about  200  miles  long)  has  sunk  many  feet, 
causing  the  rains  of  several  Greek  towns  to  be  visible  under  water. 
Looking  beyond  the  limits  of  the  Mediterranean,  the  buried  Hindoo 
temple  of  Avanlipora  in  Cashmere,  with  its  74  pillars,  described  by 
Dr.  Thomson  and  Major  Cunningham,  were  mentioned,  and  how 
tbeir  envelopment  in  lacustrine  silt,  at  some  period  after  tbe  year 
850  of  onr  era,  hod  caused  them  and  their  statues  to  escape  the  fury 
of  the  Mahometan  conqueror  Sicander,  who  bore  the  name  of  the 
idol-hreaker.  (Fraiapleio/Qatlofff,9tkeiIi(uM,p.76i.)  The  gradual 
subsidence  of  the  coast  of  Greenland,  and  the  elevation  of  a  large 
port  of  Sweden,  century  after  century,  were  also  instanced ;  and 
lastly,  the  latest  event  of  the  kind,  yielding  to  no  other  in  the 
magnitude  of  its  geological  and  geographical  importance,  the  earth- 
quake of  New  Zealand,  of  January  23rd,  1355.  The  shocks  of 
tliis  convulsion  extended  over  an  area  of  land  and  sea  three  times 
as  large  as  the  British  Isles ;  after  it  had  ceased,  it  was  found  that 
a  tract  of  land,  in  the  immediate  vicinity  of  Wellington,  comprising 
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4S00  aqnare  milei,  or  nearlj  equ^  to  Torkshire  in  dimeiuioiu,  b»l 
been  apraised  from  one  to  nine  feet,  ttod  A  range  of  hills,  consii^ting 
of  older  rocks,  uplifted  vertically,  while  the  tertiRrf  plains  to  tb» 
eut  of  it  remuned  nmaoTed ;  so  that  a  precipice  nine  feet  in  pe^ 
pendiculsr  height  was  prodnced,  and  is  eren  swd  to  bo  traceable  foi 
00  miles  inland,  from  north  to  south,  bordering  the  plain  <S  the 
Wairarapa.  In  consequence  of  a  rise  of  Ave  feel  of  the  land  on  tin 
north  side  of  Cool's  Strait,  near  Wellington  and  Port  Nicholson, 
the  tide  had  been  almast  excluded  from  the  Hirer  Hntt,  while  ob  tbe 
south  side  of  the  same  straits  In  the  Ifiddle  Island,  where  the 
g;round  has  tank  about  five  feet,  the  tide  now  flows  aereral  miks 
farther  up  the  river  Wairau  than  before  the  earthquake, 

"Sir  Charles  then  allnded  to  his  discoTer;,  in  1399,  of  msriue 
shells  in  volcanic  tnlF,  at  the  height  of  neorlj  SOOO  feet,  in  the  island 
of  Ischia ;  and  to  the  exact  igreement  of  these,  as  well  as  other 
fossil  shells,  since  collected  by  M.  Philippi,  with  species  now  inhabit' 
ing  the  MediterraneaD.  If  the  antiqnit;  of  sncb  elevated  deposits, 
when  contrasted  with  those  found  during  the  last  2000  jeazt  ia  the 
neighbourhood  of  the  Tem]de  of  Serapis,  be  as  great  as  the  retatire 
amount  of  morement  in  the  two  cases,  or  as  2000  is  to  30  feet,  it 
would  show  how  slowly  the  testaceous  fanna  of  the  UediterFaneaD 
unde^ea  alteration ;  and  therefore  that  natnralists  onght  not  (o 
expect  to  detect  an;  sensiUe  variation  la  the  mBriiie  fauna  in  the 
course  of  a  few  centuries,  or  even  several  thousand  jears. 

"  In  conclusion :  the  probable  causes  of  the  permanent  u^ieatil 
and  subsidence  of  land  were  considered— the  expansion  of  solid  ro^ 
by  heat,  and  their  contraction  when  the  lemperatufe  Is  towered,  tie 
shrinkage  of  clay  when  i)akeii,  the  excess  in  the  vdome  of  melted 
stone  over  the  same  materials  when  drystallized,  or  In  a  state  of 
consolidation ;  and,  lastly,  the  subterraneous  introsion  of  horizontal 
dykes  of  lava,  such  bb  may  have  been  injected  beneath  the  snrfac^ 
when  melted  matter  rose  to  the  cral«r  of  Honte  Kuovo,  in  1S3S. 
A  large  eoloored  section  of  a  cliiF,  1000  feet  higfl,  at  Cape  Qinun, 
in  Madeira,  was  referred  to  as  illustrating  the  intrusion  both  of 
oblique  and  horizontal  dykes,  between  layers  of  Tolcanic  Tnatemts 
previously  accumulated  above  the  level  of  the  sea,  and  after  Hs- 
deira  bad  been  already  clothed  with  a  vegetation  very  simihtr  to 
that  with  which  it  is  now  covered.  The  interealatiDn  of  soeh  hori- 
zontal sheets  of  lava  between  alternating  beds  of  older  hiva  and  tuff 
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would  uplift  the  incnmbeiit  rocks,  and  form  t  penument  rai^M)rt 
to  them ;  but  when  the  foaed  mass  coola  and  consolidates,  a  partial 
fajlare  of  support  Mid  subsidence  would  eDsne." 

n.  Mastodok  and  !Glbfhaiit. — 80  mach  light  hu  of  late  been 
brought  to  hear  on  the  history  of  these  great  pachyderms,  both  in  & 
zofdogical  arid  geologiosl  point  ot  view,  by  Dr.  Hugh  Faloonw, 
r,H.S„  F.G,8.,  that  we  are  induced  to  reprodnce  the  Abstraets  of 
bis  memoirs  on  the  subject,  read  before  the  Geokigical  Society  of 
London ;  drawing  attention  particularly  to  the  speciAc  alliances  of 
the  remains  of  the  Haatodon  found  in  the  Crag  of  Norfolk  (see  vol. 
i.  p.  160),  which  Dr.  Falconer  detertnines  to  be  the  Antergne  species, 
and  not  that  known  as  U.  angustidens. 

1.  On  the  Species  of  Mastodon  and  Elephant  ocenrring  fossil  in 
Great  Britain.— Part  I.  Mastodons,  By  H.  Falconer,  M,D.,  F.R.8., 
F.G.8. 

The  object  of  this  communication  ie  to  ascertain  what  are  the 
species  of  the  Prohoacidea  found  fosail  in  Britain  ;  what  the  ap«ciflc 
names  which  onght  to  be  applied  to  them ;  and  what  the  principal 
formations  and  localities  where  they  are  elsewhere  met  with  in  Europe. 
He  Mastodon  of  the  Crag  forms  the  snbject  of  this  iirst  part  of  the 
memoir ;  the  second  part  will  treat  of  the  Elephaitt-remaina  found 
in  Britain.  The  anthor  commenced  by  insisting  on  the  importanoe 
to  geol(^  that  every  mammal  found  in  the  fossil  state  shoold  be 
defined  as  regards,  flrst,  its  specific  distinctness ;  and,  secondlj,  its 
range  of  existence  geographicaUj  and  in  time,  with  ai  much  sever* 
exactitude  as  the  available  materials  and  the  state  of  our  knowledge 
will  admit.  He  observed  that  with  regard  to  the  remains  of  the 
proboscidean  genera,  Dinotherium,  Mastodon,  and  Elephast,  some 
of  which  abound  in  the  roiocene  and  pliocene  deponts  of  £arope, 
Asia,  and  America,  the  opinions  respecting  the  species  end  their 
nomenclature,  in  all  the  standud  palEcont^dt^cal  works  on  the  sab' 
ject,  are  extremely  unsettled  and  often  contradiotory. 

Dr.  Falconer  then  proceeded  to  explain  his  views  of  the  natural 
classification  of  the  proboscidean  paehydermata,  recent  and  fossil, 
according  to  dental  characters.  In  the  Dinothere,  with  its  tapiroid 
itioUrs,  the  last  milk-molar  and  the  antepenultimate  (or  first)  true 
molar  are  invariably  characterized  by  a  "temary-ridged-crown- 
forijiula,"  or  in  other  words,  their  crowns  are  divided  iirto  three 
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tniuTKse  ridg«i.  la  the  Mutodon  not  onl?  the  last  uuU-molu 
and  the  Ant  true  moUr,  bst  also  the  seeond  oi  peanltimate  tnie 
molu  (being  three  teeth  in  immediate  contiguity),  are  invariaWj 
eharaeterize4  in  both  jawabj  an  iaomeroua  division  of  the  crown  into 
either  three  or  four  ridges ;  or,  in  other  words,  are  seTerally  chac- 
acteriied  by  either  a  "ternary-"  or  "  qaatemary-ridge-formnk." 
These  three  isomeroua-ridged  teeth  are  referred  to  as  "the  inter- 
mediate molars."  To  the  ternaij-ridged  species  the  aathor  assigns 
the  snbgeneric  name  of  THlopkxkit;  and  Tftrakpioiioa,  to  the  quft- 
t«rnaiy-ridged  species.  The  molar  in  front,  and  tiiat  one  behind 
these  iatermediate  molars,  are  also  cbaracteristicallj  modified  in  these 
two  subgenera.  In  Trilophodon  the  penultimate  or  second  milk- 
molar  Is  two-ridged,  and  the  hiat  true  molar  is  four-ridged :  in  Tetn- 
lophodon,  the  former  is  three-ridge4  and  the  latter  fire-ridged.  The 
author  considers  it  highly  probable  that  a  subgeneric  gronp  cbaraclcr- 
ized  by  a  quinaiy-ridge  formula  {Penialophodoii)  has  existed  in  nature, 
butof  irhieh  no  remains  have  yet  been  discovered. 

The  Elephants  are  distinguished  from  the  Mastodons  by  the 
absence  of  an  isomerous  ridge-formulo,  aa  regards  the  three  inter- 
mediate moUrs,  and  by  the  ridges  ranging  from  six  up  to  an  inde- 
finite number  in  these  teeth,  in  different  groups  of  species.  Dr. 
Falconer  ammges  the  numerous  fossil  and  recent  forms  in  three 
natural  subgenera,  founded  on  the  ridge-formula,  in  conjunction  vith 
other  oharacterB.  In  the  SlegodoH  (comprising  besides  other  forms 
the  Mculodon  clepianioida,  Clift)  the  ridge-formula  is  hjpisomeroua ; 
and  the  ridges  number  six  or  eight.  The  LoxodiM  (including  the 
African  Mephant)  is  also  hypisomerous,  and  has  from  seven  to  nine 
plates  or  ridges.  The  EuelepAai  (including  the  Elephtu  Indictit  and 
six  fossil  species)  is  the  largest  and  most  important  group,  and 
comprises  the  tjrpical  Elephants  having  tbin-plat«d  molars.  Here 
the  ridge-formula  is  aiiisomerons,  and  regulated  by  progressive 
increments,  as  8,  IS,  16 ;  the  hiiiher  its  numerical  expression,  the 
greater  the  liability  to  vary,  within  certain  limits  dependent  upon 
the  race,  sex,  and  size  of  the  indiridua].  The  lower  mohtrs  often 
exhibiting  an  excess  of  plates  over  those  in  the  upper  molars. 

Eeveriing  to  the  Mastodons,  Dr.  Falconer  observed  that  the 
sul^enera  Trilophodon  and  Tetralopbodon,  as  regards  nurober  of 
forms,  are  of  nearly  equal  value ;  the  former  comprising  seven,  and 
the  hitter  six,  well-marked  species.    Each  group  is  divisible  into  two 
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parallel  aaboiditute  groups.  In  the  one  aeriss  the  ridges  are  broad, 
traoarerse,  more  or  less  compresaed  into  an  edge ;  with  the  intei- ' 
mediate  valleya  open  throughout,  and  entirely  uninterrupted  by  sub- 
ordinate tubercles.  These  are  represented  in  Trilophodon  by  Tri- 
lopi.  Ohioiiau,  and  in  Tetralophodon  by  Telr.  iatid^tu.  In  the 
other  series  the  ridges  are  composed  of  blunt  conical  points,  vhich 
are  fever  in  noraber,  flanked  in  front  and  behind  by  one  or  more 
subordinate  outlying  taberoles,  which  disturb  the  tnusverae  direction 
of  the  ridges  and  block  up  the  valleys.  This  series  ia  repreaented 
by  Trilaphodon  aiigiittident  and  by  Tetralophodon  arvemeiuit.  In 
botb  subgenera  the  species  with  transverse  compressed  ridges  may 
be  compared  with  Dinotherium,  as  r^ards  their  molar  crowns ;  and 
the  other  series  with  Hippopotamus. 

The  European  fossil  species  of  Mcutodon,  according  to  the  author, 
are  the  following  -.—l^lopicdon  Boraoni,  I.  Hays,  IHt-  lapiroide*, 
Cavier,  Tril.  aagnifideia,  Curier  {pro  parte),  Tril.  pyrenaiau, 
Lartet  MS.,  Teiratopio/ioii  longirottrit,  Kaup,  and  Tetr.  arBemeiuu, 
Croizet  and  Jobert.  With  the  exception  of  Triloph.  Borsoni  and 
Tetral.  arvemensis,  which  are  of  Pliocene  age,  the  above-named 
speotea  are  of  Miocene  age. 

Dr.  Palconer  proceeded  to  state  that  the  remains  of  only  one 
species  of  Mastodon  have  hitherto  been  discovered  in  tJie  British  Isles. 
They  occur  in  what  is  called  the  Oldef  Pliocene  Red  Crag,  at  Felix- 
stow  and  Sutlon,  in  Suffolk,  and  in  the  Newer  PKocene  Flnvio-marine 
or  Mammaliferous  Crag  at  various  localities  near  Norwich  and  in 
Suffolk.  After  remarking  that  Profesaor  Owen  had  referred  the 
teeth  of  the  Crag  Mastodon  to  M.  angustidena,  "Til"»g  M.  longi- 
roatris  and  M,  arvernensis  to  be  synonyms  of  this  species  (as  Cnvier 
had  also  done),  Dr.  Falconer  gave  in  detail  the  history  of  the  dis- 
covery and  publication  of  the  true  M.  angustidens  (Cavier),  and  of 
the  M.  uvemensia  and  M.  iongirostris.  He  then  passed  in  review 
the  opinions  and  statements  of  these  authors,  as  well  as  of  ElainTille, 
Laurillard,  Gervais,  Pomel,  Lartet,  and  Sismonda,  on  these  species, 
and  on  the  specimens  which  these  observers  hod  severally  described, 
sometimes  under  additional  specific  names.  He  then  described  the 
characteristic  peculiarities  both  of  the  molars  and  of  tbe  symphysis 
of  the  lower  jaws  in  these  three  species ;  and  showed  that  the  molaxa 
from  tbe  Crag  were,  like  those  of  Telral.  areemenm,  characterized  by 
four-ridged  molars,  with  their  conical  points  more  or  less  alternating, 
3q 


038  THB  WONDERS  OF  QEOLOQT. 

and  with  their  valleys  blocked  up ;  and  thai  they  essentiilly  difiereil 
trom  the  mokra  of  the  Trihpi.  angiatidnitivsm  Simorre,  Dax,  &C-, 
and  from  the  Ttlral.  longirottru  of  Eppelahetm.  The  M.  arremeuMa  of 
Montpellier,  Anrergne,  Italy,  fto.,  had  no  lower  tasks ;  and  the 
author  is  of  opioioii  that  the  only  specimen  which  has  been  figured 
Uid  described  as  one  of  the  lower  tusks  of  the  Crag  Mastodon  is  a 
tenninal  fragment  of  one  of  the  upper  tosks  of  this  species. 

Trom  osteobgical  considerations  it  appears  that  Tetral.  ants- 
neneis  was  of  a  low  and  heavy  make ;  that  Tettal.  kingirostris  wu 
of  similar  general  proportions ;  and  that  TrilopL  angustidens  «u 
higher  in  its  limha  and  of  a  comparatively  light  and  slender  shape. 

In  his  observations  on  the  Geological  i^  and  associated  faunas  of 
the  formations  in  which  these  species  severalty  occur,  Dr.  Falconer  ob- 
served that  Trihp&odoii  aiiguitidena  \ifi  charaateristic  species  of 
the  miocene  falnnian  beds  throughout  Europe,  and  is  associated  with 
TrilopA.  iapiroidtt  in  the  Taluns  of  France  and  the  upper  freshwater 
Molasse  of  Switzerland.  Tetratophodoa  hnffiroitru  is  an  important 
member  of  the  Eppelsheim  fauna,  which,  though  its  determination 
is  accompanied  with  great  difficulty,  appears  to  be  ideatical  in  its 
leading  features  with  that  of  the  falunian  deposits  of  Prance  and 
Switzerland.  The  Tetralophod'm  awerneiaU  is  characteristic  of  tbe 
pliocene  (aima;  and  it  had  a  very  eiteruied  range  of  habitat  otm 
Europe,  accompanying  Loxo4o»  ixfridianalii  (Neati)  in  Tuscany,— 
Tril^kodoit  Serxm,  Loxodon  pritcui,  and  EMel^haa  antiqum  in  Piedr 
mont  and  Lombardy, — Loxodon  meridio»alu  at  Montpellier, — and 
Tril.  Boraoni,  lox.  meridiaiKUU,  and  Lox  fmat»  in  VeUy  and  Au- 
vei^He.  After  having  reviewed  the  circnmstanees  under  which 
Mastodon  remains  oocur  in  the  British  strata,  Br,  falconer  con- 
olades  that,— 1st,  The  Mastodon  remains  which  have  been  met  with 
in  the  Fluvio-marine  and  Red  Crags  belong  to  a  pliocene  form, 
namely  Teiralopioden  arveraeMa.  3ndly,  The  ittammriian  fauna  of 
the  Bed  and  Fluvio-maTine  Crags,  regm^d  as  a  whole,  bears  all 
the  characters  of  a  Pliocene  age,  and  is  identical  with  the  Sub- 
apenoine  Pliocene  &,luia  of  Italy.  3rdly,  TheRedandl'lnrio-inariue 
Crags,  tested  by  their  uuunnudlan  fauna,  must  be  ooo^dered  u  beds 
of  the  same  geoli^cal  age. 

Throughout  this  paper,  for  the  sake  of  cleamesa,  the  subgeneric 
names  have  been  used  in  designating  the  species.  The  author, 
finding  that  the  name  ElataodoK,  applied  to  the  Uiird  gtoup  of 
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Etephaoto,  in  the  "faniui  Antiqaa  Sivolensis,"  in  1817,  had  been 
previonslf  used  for  a  fossil  6i\  luis  abandoned  it,  and  applies  the 
tena  EueUphat  in  lieu  of  it 

3.  Oa  the  Species  of  Maatodon  and  Elephant  occurring  in  the 
Powil  State  in  Eoghtnd.— Part  IL  Elephants.  B7  H.  falconer, 
M.D.,  F.R.8.,  F.G.8. 

In  the  introductory  portion  of  Part  I.  of  this  Memoir,  tbe  author 
alluded  lo  the  ambiguit;  that  has  existed  relative  to  the  manuaalian 
fauns  of  the  Miocene  and  Pliocene  periods  in  consequence  of  pa- 
liBontologista  confonnding  Bereral  distinct  forms  of  Mattodoa,  of 
different  geological  sgea,  nnder  one  name  {M.  anffuilidrnt) ;  and  on 
this  occasion  Dr.  Falconer  stated,  that,  in  the  application  of  the  name 
Elepluu  prmigeniiu  (Mammoth)  to  a  multitude  of  elephantine  ro- 
mains  from  various  superficial  and  deep  deposits,  over  a  vast  extent  of 
territory,  and  of  different  ages,  a  similBr,  if  not  a  greater,  amount  of 
error  and  confusion  had  arisen.  In  fact,  at  least  half  the  habitable 
globe  has  been  assigned  to  the  Mammoth  as  his  pasture-ground,  if 
we  were  to  accept  the  determinatioiis  of  all  those  who  have  written 
on  the  remains  of  Eiephu  primigenim.  The  duration,  too,  of  this 
nominal  species  in  time  b  equally  remarkable,  so  considered ;  iiaat, 
as  it  has  been  quoted  from  the  lower  and  the  upper  pliocene  beds, 
as  well  as  from  the  post-pliocene  glacial  gravels,  it  ought  to  have 
existed  befme  the  Enropean  are*  received  its  present  gec^jiraphical 
form,  and  indeed  before  the  Alps,  Apennines,  and  Pyrenees  reached 
their  present  elevation.  After  noticing  the  difficulty  met  with  by 
the  geologist  in  the  classification  of  the  newer  Tertiaries,  on  account 
of  this  nbiquitous  presence  of  the  Mammoth,  the  author  proceeded 
to  show  that  several  species,  belongii^  to  two  distinct  subgenera, 
have  been  generally  confounded  under  the  name  of  Elephat  prim- 
gemvt!  and  that  each  had  its  limited  range  in  geographical  area  and 
geok^ical  time.  The  present  OHidition  of  the  nomenclature  of  the 
subject,  and  the  history  of  the  established  species  of  European  fossil 
ISejdiBnts,  namely,  Loxodo*  mtruUoiialii,  Loaodvt  prueiit,  Aulepiat 
antiqum,  and  Etiekpitu  primgaiuu,  preceded  an  explanation  of  the 
principles  on  which  the  species  are  determined,  and  a  description  of  the 
dental  eharactns  by  which  the  Elephants  are  divisible  into  sub-genera, 
—a  succinct  account  of  which  was  given  in  the  former  part  of  the  Me- 
moir (Geol,  Jonm,  vol.  xiii.  p.  462).  The  "  intermediate  molars  "  in 
Hephanti  have  never  less  than  six  divisions  of  the  crown,  and  soms- 
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times  M  mmj  as  eighteen.  TheK  molars  do  not  all  have  tin  equil 
nam1}er  of  ridges :  some  ElephontB  have  an  aagmentation  of  onlj 
one  ridge  to  the  orown  of  the  penultimate  of  theae  molarb ;  these  are 
"hTpisomerODB,"  namel;r  Stegodon  uid  Loxodon;  others,  in  vhicb 
the  number  of  the  ridges  progreasivelj  increases,  ai«  "  anisomerona," 
and  form  a  third  natural  group,  namelj  the  Euelephai  or  EUphm 
proper.  The  Stegodon  baa  four  species,  fossil  in  India;  and  ap- 
prtMohes  the  Mattodon  in  the  form  of  the  molan.  The  iMXodon  ia- 
elndes  the  existing  African  Elephant  and  three  fossil  species,  and  is 
cbaractemed  by  its  distinct  rhomboidal  discs  of  wear  on  the  grindeis. 
Euel^hat  has  thin-plated  molars ;  hut  in  some  species  there  are  in- 
termediate stages,  as  regards  the  angular  mesial  expansion  of  the 
plates,  betveen  it  and  Loxodon. 

Dr.  Falconer  next  proceeded  to  review  some  well-asoertmed 
mammalian  (annie  localized  in  certain  parts  of  Europe,  where  the 
conditions  of  deposit  are  most  simple,  and  to  ^pl;  the  results  to  the 
more  complex  instances,  where  the  remains  of  more  than  one  dis- 
tinct &una  are  intermingled,  or  so  closelj  deposited  as  to  be  too 
readil;  confused  bj  collectors.  With  this  view,  the  author  instanced 
the  Snbapennine  or  pliocene  deposits  of  the  Astesan,  and  elsewhere 
in  Piedmont  and  Lombard;,  where  TrUophodon  Sorioni,  Tetralo- 
phodon  arvemeruii,  Loxodon  meridionalu,  Lox.  priieiu,  and  Evele 
phot  antiqmtt,  with  Rhmoceroi  leptorhtmu,  Sippopolamat  miyor, 
&c.,  are  found  associated  together.  In  the  Subapennine  beds  of  the 
Val  d'Amo,  in  Toscanj,  Telralophodon  arvementit  and  Loxodon 
meridionalit  ocour  with  the  same  Mippopotamiu  and  Shinocem. 
Near  Chartres  in  Prance,  Loxodon  tneridumalu  accompanies  S. 
major  and  Shinocerot  leptorhinut.  The  aboro-mentioned  are  ncMS- 
sarilj  the  leading  mammalian  forms  of  the  older  Pliocene  period. 
North  of  the  Alps  pliocene  deposits  similar  to  those  of  Italy  occur  in 
some  parts  of  Switzerluid,  but  the;  ore  soon  overlaid  towards  the 
north  h;  a  distinct  mass  of  erratic  drift  of  a  different  age  and  wilh 
different  mammalian  remains.  In  the  floTiatile  "  Loess  "  or  "  Ijehm  " 
of  the  valley  of  the  Bhiue,  and  in-the  Glacial  Drift  of  the  plains  of 
Northern  Germany,  these  post-pliocene  deposits  contain  remains  of 
the  true  Mammoth,  with  the  tichorhine  Rhinoceros,  the  Musk- 
hu&lo,  &c.,  which  thus  oonatitute  the  leading  typea  of  the  post- 
pliocene  mammalian  fauna. 

Ou  the  eastern  coast  of  iGngland,  the  Crag-depoaita  (the  Bed  and 
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Norwich  Crags)  jieU  the  pliocene  TrirofopAodon  orr«TMn*M,  Zojwfoa 
meridionals,  and  Eutl^hta  antiquu* ;  and  the  so-callod  Elephant- 
beds  at  Cromer,  Mundesle;,  and  EiMboroagh  furnish  Lo:e.  man- 
dumalit  and  £uel.  antiqtiat,  with  Rhin.  ieptorhimu  and  Sip.  major. 
These  characteristioally  pliocene  fossils,  however,  are  occaaionall; 
inteimiDgled  with  the  remains  of  the  poet-pliocene  Bueiephat  primi- 
genitu,  the  Utter  fossils  having  been  derived  from  the  overljing  and 
later  drift-beds,  which  have  thus  proved  a  fertile  sodtm  of  the  con- 
foaion  and  ambignit;  already  referred  to.  To  some  extent,  similar 
conditions  exist  at  Brackleaham  Baj  and  Fagham  Harboui,  where 
molars  of  E.  primigeniut  are  foond  in  the  apper  gravels,  whilst 
remains  of  E.  antiqwtt  abound  in  the  older  mud-deposit,  latelj 
described  in  the  Gleological  Society's  Jonrnal  bj  Mr.  Gkidwin-Austen. 

Dr.  Falconer  then  considered  the  fluviatile  deposits  of  the  Vallej 
of  the  Thames,  in  relation  to  their  Elephantine  remains ;  especiallj 
at  Grays  Thnrrock  and  Brentford.  At  the  former  place  the  author 
recognises  the  true  pliocene  assemblage  of  Loxodon  pritcut,  Euelt- 
phasatdiqiiut,  JIipp(g>i>iaimu  m<g'or,  and  Ehmoe^otleptorhinu*;  bat 
the  group  of  naammols  found  at  Brentford,  according  to  the  published 
determinations,  indicate  the  close  proximity  of  both  the  pliocene 
and  post-pliocene  fannte  at  different  levels  of  the  same  section.  The 
Grays  ThorrDck  deposits,  and  the  bwer  beds  at  Brentford,  were  in- 
ferred to  be  of  an  earlier  age  than  any  part  of  the  Bonkler-Clay 
or  Till 

The  grouping  of  the  E.  prim^enius,  Rhittoeerot  tteharhima,  Btt- 
baki4  moichatut,  &c.,  in  the  newer  gravels  of  England  and  elsewhere, 
was  next  dwelt  npon,  as  affording  an  additional  clue  to  the  tracing 
of  the  several  characteristio  mammalian  fannn  over  the  European 
area. 

To  the  possible  objection  of  there  being  too  many  large  Probos- 
cideans grouped  in  one  bona,  the  author  replied  that  the  bones  of 
Elephantine  animals  of  three  distinct  species  actually  occur  together 
in  one  stratum  in  Italy,  and  that  six.  spectea  an  found  in.  deposits  of 
one  age  in  the  Sivalik  hills. 

Dr.  Falconer  conclndes  that  tiie  same  mammalian  fauna  existed 
throughout  the  period  daring  which  both  the  Crag  and  the  fluviatile 
beds  of  the  Thunes  Valley  were  being  deposited ;  and  that  a  chro- 
nological division  of  &e  newer  Tertiaries  into  older  Pliooene,  newci 
Pliocene  or  Pleistocene,  and  Post-pliocene,  is  untenable ;  too  mnch 
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etrtaa  having  been  Uid  by  authors  npon  the  shell-evidence  on  this 
point.  At  the  same  time,  it  is  not  meant  to  he  implied  that  all  the 
species  of  the  fauna  ranged  everywhere  thraaghoat  the  area ;  some 
in  all  probability  were  peculiar  to  the  south,  and  others  to  the  noitb. 

The  presence  of  the  Htppopotanuu  in  the  pliocene  deposits  wu 
pointed  oiit  as  being  of  great  importance  in  indicating  tbp  character 
of  the  pliocene  land,  which,  extending  between  England  and  the 
Continent,  mnst  have  afforded  a  great  system  of  rivera  and  lakes, 
and  probably  bad  a  comparatively  wann  temperatnre,  as  late  as  tlie 
deposition  of  the  Grays  bed,  whete  also  (as  is  well  known)  occur 
some  southern  freshwater  shells,  now  extinct  in  England. 

After  some  remarks  on  the  negative  evidence  afforded  by  tins 
manunslian  fauna  with  regard  to  the  supposed  refrigeration  of  the 
land  during  the  Pliocene  period.  Dr.  Palooner  reviewed  the  opinions 
of  some  English  geologists  on  the  physical  conditions  and  faunte  of 
this  r^on  daring  the  newer  Tertiary  epoch,  especially  the  views  of 
Mr.  8.  Wood,  Mr.  Prestwich,  and  Mr.  Trimmer ;  and  concluded 
with  a  few  remarks  on  the  occurrence  of  E.  lattiquat  in  the  Cefa  and 
Kirkdale  Caves,  and  of  E.  primigeniu*  in  Kent's  Hole,  and  on  the 
non-eiiatence  ot  E,  primigenitu  soniJi  of  the  Alps,  and  its  restriction 
in  the  United  States  of  America  to  the  Northern  and  Central  States. 
In  the  Southern  States  and  in  Mexico  a  distinct  fossil  species, 
Eutl^hai  Oulumbi,  bitberto  nndescribed,  occurs  along  with  remains 
of  Mattodon,  Mylodon.Megatherium,  Horse,  Ac. 

in.   PoaaiBLB   ITTBKSIOK   OP   THE    CRiO-DBPOSITS  OVER   A    PABT 

OF  THE  SoriH-BAST  OP  Englamd. — Somc  interesting,  though  not 
yet  clearly  explained,  facts  relative  to  certain  tertiary  beds  overlying 
the  Chalk  ot  Kent,  have  been  described  by  Mr.  Prestwich,  F.R.S., 
F.G.S.,  who  thinks  it  probable  that  they  may  be  of  the  age  of  the 
"  Crag"  (see  vol.  i.  p.  223).  To  put  our  r^ers  in  possession  of 
the  main  features  of  this  discovery,  the  following  abstract  of  Mr. 
Prestwicb's  Memoir  b  taken  from  the  Quart.  Joum.  Geol.  Soc.  vol. 
xiii.  p,  212. 

On  some  Fossiurkoub  InoMsTOire  occurring  on  the  Nokth  Downs. 

By  Joseph  Prestwich,  Esq.  r.R.8.,  F.G.S. 

Besides  fi  drift  of  red  loam  with  flints,  and  the  few  local  outliers 

of  lower  tertiary  sands  and  pebble-beds,  there  are  scattered  on  the 
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summit  of  the  North  Dovns  from  Folkestone  to  Dorking  »  few 
masses  of  sand,  gravel,  and  ironstone,  which  present  a  certain  regu- 
laritj  of  structure  and  nniformitj  among  themselves,  and  ore  clearl; 
iifferent  from  and  of  a  later  eige  than  the  oatliers  of  eocene  tertiaries 
*n  the  same  hilis.  Mr.  Prestwich  had  bog  been  acquainted  witb 
these  ferruginons  sands  near  Vigo  Hill,  where  thej  are  about  20  feet 
tliick ;  and  at  Faddlesworth  and  other  places  near  Folkestone,  whei'e 
tie;  are  even  better  developed ;  but,  though  the  Ironstone-fragmentB 
derived  frotti  these  beds  are  frequent!;  found  dispersed  about  the 
Eowns,  it  was  long  before  he  met  with  onj  fossils  in  these  beds, 
with  the  exception  of  a  piece  of  fossil  wood  pierced  by  Tervda,  and  an 
olsciire  oast  of  a  bivalve  shell,  near  Paddlesworth. 

In  December,  1854,  however,  some  blocks  of  gritty  ferruginous 
smdatone,  fnlt  of  casts  of  shells,  were  commimioated  to  the  author  by 
KtssTs.  W.  Harris  and  Rupert  Jones,  who  had  met  with  the  speci- 
nens  in  some  sandpipes  in  the  Chalk  at  Lenham,  eight  miles  east  of 
Maidstone,  and  regarded  them  as  belonging  to  the  Basement  Bed  of 
the  London  Clay.  This  fossUiferous  ironsand  on  close  examination 
,  yielded  casts  of  bivalve  and  onivalve  shells  belonging  to  nearly  thirty 
genera,  besides  indications  of  lamiililes,  Diadems,  ka.  The  presence 
of  a  Terebratala  very  like  T.  graitdi*,  with  several  species  of  Ailarte, 
and  afterwards  his  finding  a  large  Lutraria-likc  shell,  led  Mr.  Prest 
wicb  to  conclude  that  these  sandy  beds  belonged  to  the  Lower  Cmg. 
Mr.  Searles  Wood,  to  whom  the  fossils  have  been  submitted,  states 
that,  as  far  as  the  evidence  goes,  he  thinks  they  may  be  referred  to 
the  Upper  Tertiaries,  and  in  all  probability  to  the  Lower  Crag  pe- 
riod ;  the  occnrrenee  of  a  Pfmla  and  an  Emargiitjtla  more  espe^ally 
strengthening  this  view. 

Mr.  Frcstwich  assigns  without  any  doubt  this  shelly  ironstone  to 
the  ferruginous  sands  above  referred  to,  and  points  to  the  peculiar 
concentric  arrangement  of  the  contents  of  the  sandpipes  of  the  local- 
ity m  question  as  definitely  indicating  (in  accordance  with  the  ob. 
servations  he  formerly  published  in  the  Society's  Journal  *)  the 
former  existence  of  horizontal  strata  of— 1.  (lowermost)  loam  with 
flints, — 2.  greenish  sands  with  ironstone-nodules, — 3.  yellow  and 
reddish  sands, — superposed  on  the  bare  chalk,  after  the  eocene  beds 
were  for  the  most  pert  denuded,  and  before  the  sandpipes  were 
formed,  into  which  these  overlying  beds  were  here  and  there  let 
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down,  and  thereby  preserved  when  farther  denudiDg  agendes  re- 
mOTed  the  latw  tertiarj  beds. 

BegHding  then  the  outliers  of  fernigiaoQS  s&udn  and  sandaknies 
^kove  referred  to  as  of  the  age  of  the  Lower  Crag,  Mr.  Frestwich 
pointed  ont  the  reUtiTe  position  of  beds  of  similar  stracture,  on  the 
Downs  between  Calais  and  Boulc^e,  and  <»i  the  top  of  Castle  Hil 
near  Dnnidrk ;  and  of  others  at  Louvain,  and  at  Diest  in  Belginm 
mentioned  bj  M.  Domont  and  Sir  C.  Ljell.  This  eitenHve  range  o 
Crag-bede  to  the  south  of  the  typical  Suffolk  area,  and  their  coi' 
siderahle  eleiation  aboTe  the  sea,  are  of  coorse  matters  of  great  ii- 
terest,  not  only  as  pointing  ont  the  relative  age  of  some  of  the  drift, 
bat  especially  as  giving  as  a  stiU  nearer  date  to  limit  the  denndatioi 
of  the  Weald,  and  indicating  mai^nal  sea-beds  now  stretching  fa 
inland,  and  ranging  once  pr^>ably  over  the  Wealden  area, — possibt 
connected  too  with  the  Carentan  beds  of  Nonnandy. 

With  regard  to  the  denndation  of  the  Weald,  Mr.  Frestwich  sn^ 
gests  that,  the  anticlinal  axis  of  the  Weald  having  been  somewhai 
raised  during  the  cretaceous  period,  and  the  lower  tertiaries  partly 
constmoted  from  its  d^brii  and  gradoaUy  distribated  over  its  area,  it 
was  again  denuded  to  a  farther  extent  in  the  later  tertiary  penod, 
some  island  or  islands  of  the  lower  cretaceous  rocks  remaining  in  its 
area,  frwn  which  for  the  moat  part  these  sandy  ferruginons  Crag-beds 
were  derived.  The  great  W  final  elevation  and  denudaticm  of  the 
Wealden  area  was  necessarily  subsequent  to  the  deposition  (^  these 
pliocene  beds,  for  their  outliers,  resting  on  an  old  flint-drift,  occur  on 
the  very  edge  of  the  upraised  chalk-escarpments  of  the  Weald.  Thw 
clevaticu  being  also  subsequent  in  time  to  the  first  or  Lower  0*g 
period,  Mr.  Frestwich  suggests,  that  we  have  here  evidence  of  the 
physical  cause  of  the  disEinction  of  the  two  Crag  periods.  The  first 
Crag  sea  was  c^n  to  the  south,  and  of  considerable  extent ;  but  the 
lost  Wealden  elevation,  cutting  off  the  Bonthem  portion,  so  alteiea 
the  hydrographical  conditions  of  the  period,  that  a  sea  open  only  to 
the  north  remained,  in  which  the  Red  or  Upper  Cn^,  with  its  ps^' 
tially  boreal  fauna,  was  then  deposited. 

IV,  ExTEAiTEOBs  FOSSILS,  PEBBLES,  &c.  nr  thi  Chalk.— Tlw 
ocoanrenoe  of  pebbles  foreign  to  the  chalk-formation  and  other  tn- 
veiled  fragments  of  rocks  in  the  Chalk  is  comparatively  rare,  « 
stated  at  p.  487 ;  but  so  interesting  an  eioeption  to  the  rule  V 
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brought  to  light  kst  sninmer,  that  the  following  abcrtnuit  of  Mr. 
Godffm-Aust^'B  Memoir  on  the  sahject,  read  before  the  Oeologic&l 
Society,  December  16, 1S57,  is  here  placed  before  the  reader. 

The  boulder  which,  together  wit.h  some  associated  fragments  snd 
sand,  formed  tbe  subject  of  the  commomcation,  "  On  a  Granitic 
Bonlder  out  of  tbe  Chalk  of  Crojdon,  and  on  the  Extraneoog  Rock- 
fragments  found  in  the  Chalk,"  bj  IL  Godwin-Auaten,  Esq.,  J'.R.a., 
F.G.S.,  was  found  bj  the  workmen  in  a  chalk-pit  at  Puxlej,  about 
two  miles  south  of  Crojdon.  Mr.  F,  Simmonds  drew  the  attention  of 
Dr.  Forbes  Young  to  this  interesting  disooTeij,  and  the  latter  gen- 
tleman secured  what  remained  of  the  boulder  after  it  had  been  much 
broken  up,  and  presented  It  to  the  Society.  The  largest  remaining 
fragment  is  apparentlj  one  end  of  an  irregularly  oval  well-rounded 
boulder,  originally  about  3  feet  long,  of  a  granitic  rock,  composed  of 
qnartz  and  febpar.  The  boulder  waa  accompanied  by  some  decom- 
posing fr^;ments  of  a  feUpathic  trap-rock,  and  with  a  compact  mass 
of  silioious  sand,  which  Mr.  Oodwin-Austen  carefully  exposed  on 
a  visit  to  the  chalk-pit.  This  collocated  mass  of  rock-fragments  and 
sand  the  author  regarded  as  being  truly  water-worn  beach-material, 
derived  from  some  old  coast-line  of  crystalline  rocks.  Other  amalier 
specimens  of  crystalline  rocks,  quartzites,  ftc,  have  been  found  in 
the  Chalk  of  the  South-east  of  EngUnd.  These  are  all  water-worn: 
some  are  quite  rounded ;  and  many  of  them  bear  the  remains  of 
attached  shells  and  zoophytes  :  bat  they  are  nearly  always  isolated 
in  position,  except  at  Houghton  (Sussex),  where  they  were  met  with 
scattered  over  a  uniform  level 

The  author  proceeded  to  describe  the  conditions  of  the  "mai^;inal 
sea-helt," — where  pebbles  are  found  in  existing  seas,  and  where  also 
certain  mollnscs  and  loophytes  having  habits  of  attachment  occur. 
From  such  a  marginal  zone  floating  sea-weed  might  have  hone  the 
minority  of  the  eitrancons  pebbles  now  found  in  the  Chalk.  Of  this 
formation,  the  author  observed  that  the  "  White  Chalk  "  ranged  as 
bi  north  as  a  line  reaching  from  the  North  of  Ireland  to  Biga,  on 
the  Baltic,  and  extended  in  a  broad  tone  over  North  Germany.  In 
North  Europe  the  conditions  of  the  deposit  were  very  uniform  over 
the  Ang^o-IVench  area,  where  800  feet  is  its  average  thickness,  and 
where  it  is  of  deep-water  origin.  Its  fauna,  however,  is  somewhat 
anopialons ;  much  of  it  has  drifted  from  shallower  tones  of  the 
sea-bed.    The  littoral  or  marginal  shingles  of  the  lower  cretaceouj 
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Miies  lie  towards  the  west ;  that  of  the  Lower  Qreenmnd  is  seen 
in  the  Faningdoii  Gravels ;  that  of  the  Gault  in  the  Halden  Sands. 
The  Chalk  proper  filled  ap  the  deeper  and  subsiding  sea-bed  at  a 
period  sjndiranoas  with  the  deposition  of  some  of  these  littoral 
beds,  and  at  the  time  of  the  greatest  exteuslou  of  the  ares  of  the 
Cretaceous  Ocean,  the  littoral  beds  of  which  are  recognisable  in 
the  South  of  Norwaj-  and  Sweden,  in  Westphalia  and  Rhenish 
Prussia,  £c.,  and  the  area  of  which  probablj  may  be  regarded  as 
reaching  from  the  Bock;  lloontains  at  the  head  of  the  Missouri, 
oyer  Tesas,  Florida,  the  eastern  side  of  the  AUeghanies,  the  West 
Indies,  and  a  brood  belt  of  the  Atlantic,  to  North  Africa,  Central 
and  Northern  Europe,  with  bold  estensions  into  Western,  Central, 
and  eren  Eastern  Asia.  Central  Europe  then  presented  the  aspecl 
of  a  hage  arebipelago  from  its  many  extensive  islands,  of  which  one 
of  the  largest  was  an  area  comprising  the  chief  part  of  France, 
the  north-east  of  Britain,  Ireland,  Norway,  Sweden,  Lapland,  and 
what  are  now  the  separating  cbaimels ;  together  with  a  part  of  the 
Atlantic  to  the  west  and  south.  From  the  northern  part  of  the  old 
land-area  the  author  believes  that  the  granitic  boulder  of  Crojdon 
was  derived.  And,  as  it  is,  in  his  opinion,  too  massive  to  have 
been  transported  by  floating  trees,  as  Mr.  C.  Darwin  describes  an 
isolated  rock-fragment  to  have  been  conveyed  to  the  coral-islands 
of  the  Keeling  group,  —  or  by  sea-weeds  (the  floating' powers  of 
which  the  author  bos  studied  in  the  English  Channel), — Mr.  Godwin- 
Austen  refers  to  an  ice-floe  as  the  agent  by  which  such  a  block 
could  alone  have  been  lifted  from  the  coast  and  conveyed  far  out 
to  sea.  The  possible  occurrence  of  rare  and  isolated  bonlders  in 
the  chalk-sea  nnder  such  conditions  was  analogous,  in  Mr.  Austen's 
opinion,  to  the  occasinnallj  extended  voyage  of  icebergs  at  the 
present  day  to  the  coast  of  Ireland,  the  Azores,  and  even  to  the 
Madeira  I^nds. 

[The  loi^  portion  and  several  pieces  of  the  granitic  boulder  and 
fragments  of  felspathic  greenstone,  from  Croydon,  presented  by 
Dr.  F.  Toni^,  are  in  the  Geological  Society's  Museum ;  and  sereral 
series  of  Pebbles,  &c.  from  the  Chalk,  are  in  the  Collections  of  tbe 
Bev.  T.  Watshire,  F.G.S.,  W.  Cunnington,  Esq.,  E.G.S.,  W.  Harris, 
Esq.,  F.G.S.,  J.  S.  Bowerbank,  Esq.,  F.K.S.,  and  H.  Catt,  Esq.,  and 
in  the  Society's  Museum.] 
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.    htat/haa;  moUuMOUS  a 


Ls  without  a  head,  a 


Aluhinods 

ALDMrmDM 
AlTEOL* 
AHOUFHOnS 
AUYODALOtD.  . 

AyASTOHOEIED 
AUCHTLOSIBD.  . 
AliNi:UDES      .  . 


ANTIIBACOTUEIdUH 


Abborescbht 
Abehacbous . . 

4BGILI.iOBOnB 


Abundihaceoub 
AsoiPi^ 

ASTHXA 


the  ouster,  &c. 
ne«dle-hl[e,  sharp-poiiited. 
air-ttonet ;  minenu  masaes  that  fall  trom  the  at-' 

a  family  of  marme  plants. 

waWr-borne  materials,  eepeciaUj  river-deposits  of 
it  formation. 


:S3;.. 


ic  base  of  clay. 
.    sockets  of  the  teeth. 
.    ahapeleti ;  devoid  of  regular  foim. 
.    almond-like;  cellular  Tolcanic  locls,  the  cavitiee 

□£  which  are  filled  with  other  enbatances. 
.   branching  and  interlacing. 
.   joints  of  bones  immoveabiy  united. 
.   animiila  having  an  eilem&l  integument  fonned  of 


inm; 


athe^ 


.  ^oaeT'onimaiM.  as  the  Actinia. 
,   stone-coal,  or  culm, 
an  extinct  animal,  allied  to  the  palieotheria,  found 
in  brown- coal. 
,   dtttUuti  of  vringi ;  applied  to  a  particular  genua 

.  tree-lilce. 

,  sandy,  or  composed  of  sand. 

■  clayey,  or  composed  of  elay. 

■  animalB  witboitt  an  intend  ekeleton.  and  having 


■  shell-less  moUusks,  shaped  like  a  bottle. 

.  a  genus  of  corala. 

.  a  dBrk-green  mineral  found  in  many  volcanic  rocks 

.  pipt-Kai*  fish. 
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BilTBACHUn.  . 

BKLRwntt  .. 


BiLOBBD 
BiTUXBN 
BRACBIAIi 

Bbaohiofoda 
Bbanchia    . . 
Bbbccia 
Bbtozoa 


CALO-Sn(TBB 

Caloaibb  oBoasiEB 

Calcabbocs  . . 

CALcim 

Cahpahklaria 

Canceli^ted 

CArauLi 

Carbon 

Cabbohatb  of  limb 
Cabbohitbbous 

Cabheoub     , . 
Cabyofhtllia 

Caddai. 
Cenxbitooal 


Gbbtical 
Cetaoea 
Chalcbdont 

CHBLUMtA        .  . 

CaoAtnn     . . 


GLOSBABY. 

,   hMTy-ipu  ;  &  mineral  >o  cslled. 

.   t  ItlTs,  oompoBsd  of  augite  and   felapBt ;  ofteB 

eolamnu'. 
,    >  seiitu  al  depoata  fanned  in  a  depression  of  older 

rocks,  or  bent  up  into  a  bann-like  or  trongh- 

shaped  form  Ijf  sobBequent  moTementa. 
.   aiiinioaa  tmalogous  in  stmctoro  to  the  &ag  ;  aa  tli« 

Salamander. 
.    (from  Aabnuvnt,  a  dart),  fosril  internal  shell  of  an 

extinct  genns  of  cuttle-fish. 
.  diTided  in  tiro  parts,  or  forked. 
,    divided  into  tiro  lobes. 

□uneral  pil^jh  or  tar. 
.    belonging-  to  the  am. 

.   molloscoua  animals  that  hare  arm-like  proceMes. 
.   aquatic  organs  of  respiration,  as  gills. 
.   conglomerate  of  fragments  of  rooks. 
.   mou-aninult ;  a  group  of  maiioe  Hnimals,  as  the 

Flnstree. 

.    deposition  &om  thermal  springs  charged  with  car- 
bonate of  lime, 
a  tertiarr  limestone  of  the  Paris  baain. 
.   composed  of  lime. 
.    metallic  base  ot  lime. 
.    a  bryoioan  with  bell-shaped  ceHa. 
.    the  cellulBj'  etmttDre  of  a  hone. 
.   a  little  boi  or  other  containing  caritj,  a  botanical 

enlary  substanee  of  charcoal,  coal,  and  the 


diamond. 

lime  and  carbonic  acid. 
.   belonging  to  coaL 

desh;. 
,   a  cloTe-like  coral. 
,   belonging  to  the  (lul. 
,    a  force  directed  from  the  oenlie  t«  the  cireumfer- 

,   belonging  to  the  head. 

,   animals  haTing  the  initmments  of  motion  placed 

around  the  bead ;  es  the  Cuttle-fish. 
,  belonging  to  the  neck. 

.   marine  mammalia,  as  the  Whale,  PorDoise,  fto. 
.   aepeciesof  eilex,  namedlromChalceaaii,  adt}-of 

Asia,  near  which  it  is  found  in  great  abniidaiioe. 
.   pincer-clam. 
,   animaU  of  the  turtle  tribe. 
,   a  silimous  mineral  allied  to  flint  and  chaloedoiiy. 
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,   elaWhaped. 

,    the  Bj'steia  of  diruianal  planes  in  wMcb  cmtak  maji 
becleaTed;  the  laminated  atnKtnreimtate-rocIu. 
.    insscta  having  wing-caaes,  as  Beetles. 
.    ahell-likB. 

a  coalition  of  lepoile  particles. 
.    an  articulating  surface  or  joint. 
.   applied  to  parallel  strata  lying  upon  each  other. 
,   p«bhlea  or  watenfonk  fragments  cemented  together. 


ClATHIFOail 

Ctcasaces  add  Ci- 


.. .  38  bearing  cones,  as  the  Fir,  IMne,  &e. 
,   bcart-shaped. 

.    a  coarse  aheUy  limestone  of  the  oolite. 
.    hark'bcariDg. 

secd-lobeg  of  plants. 

a  term  applicil  in  SntTolk  to  certain  tertiary  beds 
of  sand  and  shells. 
.   the  Tent  of  a  Toicano. 
,   baling  the  fonn  of  a  crater. 
.   nolehed,  or  toothed. 
,   belonging  to  chalk. 
.   lily-shap«d  animals. 

,   eignilying  the  emergence  of  a  stratnm  on  Ibe  sor- 
lace. 

in  form  of  a  cross. 

animals  hanng  an  external  crust  or  skeleton,  as 
tJie  Crab. 

plants  with   concealed   froctification,  as  Hosaes, 
Feme,  Sa. 

prewnting  the  structure  of  crystals. 

symmetrical  forms  assumed  by  auneral  substances. 

Wippery. 

copper-bearing. 

cup-shaped. 


,   a  family  of  plants,  inclnding  Z: 


[a  and  Cycai 


the  rnins  or  detritus  of  rocks  and  si 
fragments  of  shells,  io. 
.    parts  which  are  shed,  as  leaiea  of  trees ;  botani- 

cally,  having  the  habit  of  shedding. 
.    allniial  depoeits  formed  at  the  mouths  of  riTera. 
■   tru-Ciit ;  branched  like  a  tree. 

rflmotal  of  strata  by  the  action  of  water,  so  as 
lO  eipose  the  rocks  tieneath,  as  in  the  Wealden 
oftbeS.E.  of  England. 
.   belonging  to  the  skin. 
.  the.  aS  of  diring. 

disintegrated  materials  of  rocks. 
.    plants  with  seeds  having  two  lobes. 
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DiPTBS*. 
DlBCOIDAI. 

DoLoum 

DftDBBB 


EOHINUDEBUATA 


Elttha 

Encuinub 
Ehtohoetbaca 

EOCEKE 

Epbemebov  . . 
Eroded 
Eboabphbht.. 
Exuns 


FBLSFATStC  .  . 
FSBBDOIHOUe 

FLUTXiTlLE  .  . 

FOLIACEOUB  .  . 
FOBAHINIFEBA 
FOBHATION    .  . 


Oastbboposa 

Oblatinou*  . . 


,   iblu9«;  a t«nnemplD7edtod«aign>tea]ioiaiitaUn- 

ml  deposits, 
the  mcIinaUoD  of  strata. 
,   insects  hsTing  two  wings. 
.    in  the  form  of  a  disk. 
,   Giystalliae  ma^esins  limeslone. 
,   the  CBTities  in  minerBlii,  Imed  with  nunate  crjitals ; 

Its,  for  example,  drtity-jtiarti  in  the  hollaws  of 

flint-Dodules. 
.   ait  intruded  vein  of  melted  matlfir  into  rents  ot 

fissures  of  rocks. 

.   that  portion  of  the  Bolid  sarface  of  the  earth  vhich 

is  accessible  to  hnmaa  obserTstion. 
.   animals  having  a  prieldj'  eitenial  iutegnuent,  as 
the  Starfish,  Sea-Urchin,  &o. 
sea-iuchiii. 
.    toothUu  i  animals  having  no  front  teeth,  as  tha 
AnuadiUo. 
wing-cases  of  insects, 
a  geauB  of  lily-shaped  ai 
a  large  family  of  the  c 

TrUobites,  Cypridee^  &. 
davm of  tht recent  ^nisi;  the  e^ly  tertiarj  etrata. 
the  creature  of  a  day. 


.   interniption  of  the  eontinnity  of  strata  wiHi  dii- 

placem.ent. 
.   a  French  term  for  tertiary  strata  analogous  to  the 

Crag. 
.    the  zoology  of  a  particolar  conntry. 
,    a  mineral  which  enters  into  the  compodtion  of 

many  crjrstalline  rocki. 
.    belonging  to  or  composed  of  felspar. 
.   impregnated  with  iron. 
.    the  botany  of  a  particular  coontry. 
.    belonging  to  a  nver. 

.    panlj  ot  fiuviatile,  and  pattly  of  marine  orig^. 
.   leaf-like  or  leafy. 

.    a  divisioa  of  animalcules  having  perforated  shelLi. 
,    a  group,  or  series  o"   '     ' 

formed  during  oi 
,    fossil-bearing. 
.    epindle-shaped. 

,   mollnsks  with  the  locomotiTe  orp 
part  of  the  body,  as  the  Snail 
,   jelly-like. 
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QBAHINia 

Qbanuleb 

OitEENSAND  (vppar 

and  lower) 
Gbbehstone 
Gbbywaceb  . 

Otpsum 


GLOSBABT. 

glob«-like. 

a  genus  of  fleiible  arborewsent  oortle. 
itilii ;  applied  to  birdi  baring  long  leg 
like  the  Heron. 


membera  of  the  chalk-fonnation. 

an  ancient  Tolcanu;  rock. 

hard  gritty  rock,  moie  or  1es>  metamorphic. 

coarse  undstone. 

sulphate  of  lime. 

inaecte  with  wings  half  homy  and  half  membrS- 

animals  that  eat  herbi,  as  cattle. 
atlierinkle  Ssh,  in  oUueion  t«  the  corrugated  scales: 
tmooth-back ;  name  applied  to  a  genus  of  trilo- 
hites,  in  which  ttie  lohea  are  but  fceblj  produced. 

of  a  glassy  or  cryatalline  appearance,  or  pellucid. 
freahwatei  polype. 


floating  masgea  of  ice. 

a  lizara  of  the  West  Indies. 

laid  orer  each  other  like  scales  oi  tiles. 

applied  to  mineral  ntaasea  in  a  state  of  intsnae 

the  derivation  of  principles  from  facts. 
niicrOBcopii;  animals  that  aboand  in  iuftisions. 
auimals  that  lire  on  insecta,  as  the  Hedgehog. 
dried  up. 

aoimali  without  a  bony  spine  or  vertebra,  as 
worms,  lobsters,  &c. 

belonnng  to  a  lake. 

formed  of,  or  corered  with,  thin  plates  or  Miilca. 

shaped  like  a  thio  plate  or  scale, 

(Ain  plaUt  i  the  tbin  layers  of  which  a  stratum  is 

a  Tariety  of  rolcanic  ashes, 
the  first  stage  of  an  insect, 
melted  mineral  matter  erupted  from  volcanos. 
insects  baring  scaly  wings,  aa  Moths, 
•  provincial  term,  applied  to  a  group  of  strata  ntu- 
ated  between  the  new  red  uoutone  and  the  oolilc. 
earboniied  wood. 


..Goi.gic, 


980 
Ltthodohi   .. 

LlTHOLOOICAI, 

Ijthoputtib 

LlTTOBAI.> 

Ltcopodiacbji 


Uahdiblh  . 

HETAKOBPHia     OB  1 
HSTAliOBFHOinED  | 

Hbtamobphish  OB  1 
Mbtanobfhobu  ) 

IflCA 


SLOBSAXT. 


HlOCBtfB 

H0LABE6 
Uoi.Ecin.E8    . 

MOLLirsOA       . 

H0HjU>3 
MOHITOB 
HoilOai)TTI.BDOHO[rB 
MOBADtB 


NAOBEOOa       . . 

Nbubopteba 

NODnLB, 

NuoLEva 


Obudum 


mollnKa  which  perfonle  itonea,  ihdls,  &c. 
the  Itony  character  of  a  mineral  nuua. 
tUmt^lanlt ;  a  term  applied  to  corals. 
beloD^ng  to  the  •ea-shoro. 
a  tertiarr  deporit  io  the  valley  of  the  Bhine. 
the  familj  of  clab-mouea. 


the  soft  bodT-enTelope  of  the 

a  miiture  of  lime  and  cla^. 

biuiiuJb  which  carrj  their  yoiuig  in  »  pouch,  an 

the  Kangaroo. 
KOiab ;  the  sabstaace  in  which  a  mineraJ   or  • 

fossil  ii  imbedded. 
moTTOto-Ulu  I  a  term  appUcd  to  the  central  pith 

in  plants,  and  to  the  niotter  of  the  brain  and 

apinsl  cord  in  aninuli. 
altwed  rocki,  sach  ae  claj-ilate,  qnartzite,  giLeiss- 

0»  schiet,  «o, 
the  change  induced  in  strata  hj  being  Bobjected 

to  preeaure  and  high  temperature, 
a  simple  mineral,  one  of  the  component  parts  of 

granite, 
containing  mica, 
middle  tertiary  iieriea. 
grinding  teeth, 
microecopic  particles. 
soft  animals,  destitute  of  «  bonj  BtmetUTe,  as 

Hnssels,  Snails,  &c. 
the  minutest  inAisorial  animalcolei. 
a  genue  of  lizards  inhabiting  the  tropics, 
plants  having  seeds  with  but  one  lobe,  as  WAtat. 
an  accumulation  of  debris  formed  in  vaUeja  bj 

gUciers. 
manv-chambered  shells,  as  the  Nautilna. 
ehelu  composed  of  many  pieces,  as  the  Chiton. 
ihell'limettinu  of  the  Inassic  series. 

pearly. 

meecta  having  wings  finely  nerved,»s  the  Dngon-flf . 

a  raundcil  nuneTal  mass,  as  a  chalk-filnt. 


t,,  Google 


OLOSBABT. 


OiMCULi 

OVIFABODS 
OCTUIH 


.  afiif;  applied  to  thegill-<!overiiigiafl8liea,a»dth« 
plate  tbat  closei  t£e  apertoie  in  Hiine  ui)iy«lY« 
BheUs. 

■  the  nmke  tribe. 

■  Mrd-btai  ;  a  geaai  of  wii*""!*  lisTing  the  mouth 

prodacol  into  a  Iwak  like  a  bird. 

•  small  bonee. 

•  eg([- shaped. 

.    Hr""»l"  vhich  bring  forth  enn. 

.   a  detached  or  iaola^d  mass  of  strata. 

.   the  combination  of  oij^n  Tith  anj  metallic  eub- 


Fachtdibiiata      ..  thick-akiimed  animals,  a«  the  rhinooeroa,  elephant, 

Ac. 

pM-soMTOLOaT      . .  tho  Mnenc«  which  treats  of  extinct  animela  and 

vegetablea. 

PABiETBe      . .        . .  the  walls  of  the  caritiec  in  flT"'""'t 

Pbctihatid  . .        . .  toothed  like  a  comb. 

pBDiFOBM      . .        . .  shaped  like  a  foot. 

pEDUNOLa     . .        . .  a  eUlk  or  rapport 

PBLAOicoBPELAaiAir  beloD^in^  to  deep  <eai. 

Fefebiho      . .        • .  a  Tolcamc  conglomerate  or  tuff. 

PsTBOf^UH  ..        ..  stone-tAl  i  mineral-oiL 

FlKHATE        . .         . .  shaped  like  a  feather  or  fln. 

PiSOUTK  , ,  paa-tUma  ;  resembling  pea«  agglutinated  It^ther. 

Pl-EiUB         ■ .        . .  a  bundle  of  Teasels. 

Fuocnnt      . .        . .  the  newer  groups  of  the  lertiaiy  formation. 

Pi.UMOsm       . .        . .  feathei-  like 

PoLTPlTBKA  ..        ..  polj/p-iearing ;  corals. 

PoBPHTBT    . .        . .  an  ancient  igaeow  rock. 

PozzuoLAHA . .        . .  a  rariflty  of  Tolcanic  ashes  used  for  iwWing  cement. 

PsBOlfTTATX  . .  tfee  chemical  separation,  and  deposit  in  a  solid 

form,  of  a  sabstance  tuid  in  solution  by  water. 

PxoTOZOA  . .  fint  anitnaU  ;  tlie  lowest  or  amplest  animals,  such 

as  Sponges,  Foraminifera,  &c. 

PnrcHODUB  . .        . .  arinkU-tooth  fish. 

PtnacB         . .        . .  light,  spongy,  or  porous  lava. 

Ptbifobh     . .        . .  pear-shaped. 

Pybitbs        ,.        ..  sulphide  or  bisolphuret  of  iron. 

pYBoaENOus . .        . .  Jiri-ham ;  igneous,  applied  to  ancient  melted  rocks. 

QuADBCMAtrA  . .  fiur-hoHdad;  the  monkey  tribe. 

QuX-nrA-TBBBAL  . .  appUed  to  concentric  strata,  that  dip  on  erery  side. 

QuABTZ         . .  . .  a  mineral  composed  of  pure  flint. 

QcABTZoex   . .  . .  rock*  composed  of  silei  or  Oint. 


...,  Google 


982  QLoauBT. 

Bamose  .  -   brandied. 

Resifobii     . .        ■  •   kidney-shsped. 

Reticqlated  . .   Tesembliug  net-vock. 

BODKNTU.      .  ■         •  ■    ^naiMTt ;  lui  order  of  uiiniBls  having   teeth  ot  i 

peculiar  itructure,  by  -wliich  they  can  gnsw  holes, 

as  the  Bat,  Sqnirrel,  tc. 
ScBBIJe  ..         ..    beds  of  fraffmenlary  Btone. 

RcMiNAirnA  .  .    Mimsli  that  chew  the  eud,  u  the  Deer,  Ox,  &c. 


SCAFHITE 
SCOBIJE 

Bediuentibt 
Beoheoatioh 

Sbptabu 

Sbibated 
Sebttlabia  . . 

SlUCOH 

SiuatoDS 


af  Ikardi  and  troa, 

it  cepaalo_ 
.   hard  tammatcd  and  eluTery  rock 


.    extinct  genua  of  ccpaalopodo,  of  a  boat-like  larm. 


.  Tolcanic  cinders. 

.  deposited  u  t  Bodiment  by  water. 

.  a  chemical  separation  of  minerBl  subatances 

.  partitioiu,  u  in  the  shells  of  the  Naatili. 

.  indarated  nodules  of  claf,  having  crevices  G 

with  spsT 

.  toothed  like  s  saw. 

■  a  geans  of  srborescent  eara]s. 

.  flint. 


Silt    . . 

SlSTBB 

SPATAKSm    . 


Sficdl* 

3QUAM0UB       .  . 
8TAUCTITB  .  . 

STii^omn . . 

Stelhtlab   ». 
Sternai. 
Sterhuk.     .. 
Btbatifibii  .. 
8tb»twm 


.   tbebi 


)f  flint. 


a  spheroid. 


•r  other  n 


.    flinty. 

.    fluvlatile  or  marine  mud. 
. '  a  precipitate  from  mineral  Bp 
a  geniu  of  sea-urchins. 

Saj-ry,  blade-like. 
Iat«,  or  having  the  form  o1 

■  point^  pin-like  paitieles. 

.   pendent  masses  of  carbonate  of  lime  oi 

■  ealcareoas  concretions  formed  on  the  floor  of  care 

b^  dioppines  from  the  roof. 


.    the  direction  or  Ime  of  bearing  of  atrata,  which  is 

always  at  right  angles  with  the  dip. 
.    TOlcanic  vents  emitting  gases  and  vapours. 

a  of  ffraniCe  in  which  hornblende  snppliH  < 


.   geoloj^cal  fbnnadons  ni 


ir  than  the  chalk. 


^,  Google 


TiSTAOKA 

Thebiui. 
Thoiucio 
Tbachtte 
Tbap-bookb  . , 

Tbavcbtivb  . . 
TBicuapm 
Tbidactyi*  . , 
Tbiuibate   • 
Tbildbitu  . 


tobbihatbd 
Unoohkibkabi 


Vebticili^tb 
vesicdi.ak    . . 


ZooLoat 

ZOOUKUOAL  .  . 
ZOOPHXTXS    .. 


OLOBaiBI. 


akell-flah;  moUuecs. 


belon^ng  to  the  cbert  or  thorax. 

■  TBiietf  of  lava  dkiefly  eompoied  of  felipar. 

ancient  Tolcanic  rocka ;  the  term  deriTed  from  the 

Svediah,  Iri^pa,  H  atair. 
erfBtaUiiie  to&icmaa  lim«aton«. 
hayins  thre«  points. 
thre«-nngerea. 
thc«e-labed. 
an  eitinct  &milj  of  cnutaces,  the  body  ditided 

into  three  lobei. 
organ-pipe  coral ;  corals  composed  of  tnlies. 
a   parous   calcareous    deposit   from    incrusting 

streams ;  and  an  earthy  Tohsaoic  rock, 
top-shaped,  in  form  of  an  inrerted  cone. 

strata  lying  in  a  different  poution  to  thote  on 
which  they  rest 

shell  compoBed  of  hut  one  piece. 

Sssnres  in  rocks,  filled  up  by  minersl  snbstances. 

iForm-Bhaped. 

animals  having  an  osseoos  spinal  colmuu  of  Ter> 

arranged  in  irhorls. 

Full  (^vedclca  or  cells. 

proceaws  in  animal  stmctnres,  resembling  the  pile 

(if  velvet, 
the  ftision  of  a  attbetance  into  gUis  by  heat, 
bringing  forth  live  young. 

^^•otA-ttotu ;  peculisi  minerals  fonnd  in  voloanic 

the  stady  of  Miiinale. 
relating  to  animBli. 

animal-planU,  a  term  applied  to  corals  and  other 
aniraab  that  resemble  Tegetablea  in  form. 
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COREIQENDA.— VOL.  I. 

Page  Tiii.liafliSuid  S  fronbottom;^Holteo«*iiniarM<{HTlf»iMaaiiu 

—  117,   —  7  yorPoMUOrBodPniiuoli, 

—  I46,/>rLiON.Z3,rwadIJOH.23*. 

—  153,^  Lion.  M,  reaJ  Lion.  24*. 

—  ISSj/or  LiQN.  Zfi,  rraif  Lion.  2S*. 

—  160,  line  23  fiom  top  ;  /or  Mutodon  mgngtidens  (norraw  tootli] 

read  Uastodon  AirenieiuU  (of  AaTergne). 

—  18S,  in  tlu  note ;  for  Fhocens,  rtad  FUoceue. 

—  208,  in  the  QOle;^br  yivMin  read  rivufiot. 

—  332,  UiM  i^fof  <>wtallana  mui  Crutelkru. 

—  334,  bottom  Use ;  Jbr  CoCalUnca  read  CoraUinea. 

—  37B,  in  the  note  -,  for  Brovn  rtad  Brann. 

—  40S,  in  the  note  ;  btfor*  compoaed  rtad  partlj. 

—  428,  lins  11  from  top  ;  for  epine  read  ^omt. 

—  433,  in  the  note; /or   1B41  rearf  1839—1841. 

—  440,  line  23  froTD  top  ;  for  taolh'iToiy  read  irarj. 

pL  TJ.,  opposite  p,  480,  for  4|  inthos  rtad  iiJeel. 


Fttge  486,  Udb  II  ttoa  btrttoni ;  dtle  the  uteriak. 

^-    — -in  the  note  ;  for  Rei.  C.  Fisber  rttid  ReT.  0.  Fisher. 

—  487,  in  the  note ;  for  Henrj  Cara,  Esq.,  rtad  Henrj  Catt,  Esq. 

—  494,  line  1 2  from  top  ;  for  Himalay  at  rtad  Himalaja*. 

—  774,  in  the  note  ;  for  Here  rtad  are  to  be. 

—  873,  in  the  note ;  for  LuniUo  rtad  JnruUo. 

—  MS,  line  fi  from  bottom,  and  p.  909  in  the  note  ;  for  Beaaerel  re 

Becqueiel. 


DIfiECTIONS  TO  THE  BINDEa. 

graving  of  the  Goontiy  of  the  Jguanodon 

The  Geological  Map  of  England,  PUUt  L  to  be  placed  opposite  to 

474,  Vol.  i. 

Plates  II.  III.  and  IV.  to  face  their  respective  deacriptiona  in  Vol  I. ; 
Platea  V.  and  VL  to  be  placed  at  the  «nd  of  VoL  II.,  oppoeite  to  p.  985 
and  p.  886.  I 

I 
I 

Dg.l.z«lt>,G00gIe  I 


iizaibvGoot^le 


DgilizeclbvCoOglC 


DESCHIPTION  OF  PLATE  T. 


Fig.  I.  StrtuHaria  utaeia ;  a  bnmcli  with  three  polypei  expaniled ;  highly 
msgiiifled ;  p.  620. 

2.  Camponubria  (r«{a(ino9a ;  a  branch  highl;  magniQed ;  aomeoftha 

polfpes  kre  protruded,  and  otlieni  witUn  their  cells  ;  p.  621. 

3.  Gorgania  paiuia  i  magniSed  view  of  &  branch,  nilh  liz  polypes  ex- 

panded; p.  628. 
1 .  The  coral  of  Caryo^yUia  faieicuiata  ;  p.  824. 
6.  FUatra  pilota,  encirclii^  a  piece  of  fiicns;  natnral  uie  ;  p.  606. 

6.  A  aingle  cell  of  Fbatra  pUottt,  with  the  ^\jfe  protruding  its  ten- 

tacnla;  p.  SIS. 

7.  A  single  cell  of  a  Flnetra,  with  tba  included  polype ;  p.  613. 

8.  A  amall  portion  of  a  Fluatra  magiii£ed,  to  Ehow  the  form  and  ar- 

TSngement  of  the  ceUa;  p.  612. 

9.  CoraUium  rubnan,  or  red  coral ;  a  branch  with  its  fleahy  ioTeat- 

ment,  and  aereral  polypea  in  different  atates  of  expansion,  u 
they  appear  when  alire  in  the  sea ;  p.  630. 

ID.  Alcyoaium  gtlatinotum  ;  a  portion  highly  magnified ;  acme  of  the 
polypea  are  expanded,  and  others  in  Tarione  etatee  of  contrac- 
tion. The  BDhstaiice  aa  commonly  attached  to  shells  and  stones 
on  our  sea-coasts,  and  known  by  the  maae  of  Dtad-mtn't  Jtngen, 
ia  a  compound  zoophyte  of  this  kind,  and  is  termed  Akt/oniwn 
difitatuat.     (See  Dr.  Johnalon's  British  Zoophytes,  pL  26.) 

II.  Poeiilopora  ctnJea,  from  the  Indian  aess;  diawn  when  sliTc  in 
the  water;  p.  634. 
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DESOBIPTION  OP  PLATE  VI. 


F^.  1.  Favonia  taetuca;  s  g;roup  of  four  cdl«,  eaoh  cell  conUinillg  l 
beautiful  green  polype  ;  &om  the  ehorea  of  the  South  Set  Ii- 
iaaii;  p.  626. 
Jtf  Branch  of  Oorffonia,  from  the  West  Indiei ;  p.  628. 
^.  Branch  of  a  Qorgonia,  &om  the  Hedilemnean ;  p.  628. 
i.  k  polype  of  TtAipora  rubtola,  protrnded  from  ita  tabe;  p.  231. 
fi.  Uadrtpora  plantaginta,  with  the  polypes  oipanded ;  p.  62S. 

6.  The  disk  of  tta  polype  repteaented  in  fig.  i,  when  fiilly  expanded- 

7.  Three  connected  tubea  of  Saretnula  muMcoIu,  magnified,  to  ahow 

the  internal  stractnre ;  p.  619, 

8.  Tarbinolia  rvbra,  with  the  body  of  the  loophyte,  as  seen  ah'ei 

p.  622. 

9.  SaraniJa  mtmcdSit,  oi  organ-pipe  coral ;  from  the  shores  of  N e* 

SoDth  Wales,  as  it  appears  in  the  vater,  with  its  beautiful  green 
polypes  protruded  ;  p.  S31. 

10.  A  single  detached  polype  of  Aitraa  viridii,  highly  magLifled; 

p.  626. 

11.  A  group  of  llying  Aih'niiE,  or  Sea  animal-flowers ;  p.  822. 
IS.  A  polype  of  a  Tuhipore  expanded ;  highly  magnified ;  p.  631. 

13.  Atlraa  viridit,  represented  as  alive  in  the  sea;  some  of  the  po- 

lypes are  expanded,  and  others  contracted;  p.  626. 

14.  Turbitiolia  rubra,  with  the  tantacola  of  the  zoophyte  expanded ' 

p.  623. 

15.  Fvnffitt  actiniformU,  from  the  Sonth  Paciflo  Ocean,  as  seen  aliTe, 

and  the  polypes  in  actirity ;  one-tenth  the  natnral  siie ;  p.  6^- 
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INDEX. 


Abberlrr    HUls,   319, 


Acrosauru*    of  SoDth 

Africa,  555. 
Actinia,  leceni,  622. 


Actinocriaua,  824. 
Actinoidea,  602,  631. 
Action  of  therm&l  wa- 
ters, 887. 
Adrialic,  bed  of  the, 

Aerolite  &oin  Naoje- 

A&oliUii  49 ;  coltec- 
tion  of,  in  the  British 
Museum,  52:  origin 
of,  50. 

African  elephant,  143. 

Agauiz,  Prof.  L.,  on 
Poaul  FUbea,  254, 
352,  482,  794;  on 
Glacien,  72;  an  the 
Connecticut  foot- 
printo,  927. 

Age  of  Reptiles,  434, 
586,940. 

Aire  Valley,  nearLeeda, 
185. 

Ail -en -Provence, 


fresb-wiiter  fonna- 
tioo  of,  265;  ler- 
tiarjr  fishes  o{,  255, 
26-i;  tertiary  fossils 
of,  264. 

Aii-la-Chapolle,  re- 
maing  of  land-plants 
in  Cielaceoua  torma- 
tionat,20I,329. 

AUbaeter,  543. 

Albertite,  718. 

Aleyonaria,  602. 

A  Icyooaiiaji  zoophytes , 

Alcyaniiim,  602. 

Alder.  Mr.  J.,  on  Zoo- 
phytes, 613. 

AlethopCeris  elei^aos, 
407. 

Allan,  Mr.  R.,  on  the 

Alleghany  Monnlains, 

323,  706,  821. 
Alligator     Hantonien- 

sis,  from  Hordnel], 

256. 
Allman.Frof. ,  on  Ireah- 

water  Bryoioa,  603. 
Allnutt,    Miss   Jane, 

drawing  of  the  While 

Rock  at  Hastings  by, 

379. 


AlluTial  deposits  in  Ihe 
Pampas.  165. 

Alnm  Bay,  Isle  of 
Wight,  239  ;  marine 
Eocene  shells  ac, 
247;  section  of,  242; 
seed-Tessela,  to.,  in 


215; 


skelch      of, 


Alumina,  subsalphate 
of,  240. 

Alieolilei,  Carbonifer- 
ous, 762;  Sihirian, 
824. 

Amber-pines,  forests 
of,  tertiary,  245. 

Amber,  tertiary.  245, 

Amblyplerus  of  the 
Coal,  769. 

Amblythyncus.  956. 

America,  Carbonifer- 
ous rocks  of,  705; 
Cretaceous  strata  in, 
322  ;De>onian  rocks 
of,  789;  Prof.  SLIU- 
man  on  (he  Geology 
of,  10;  Silunim  rocks 
of.  819. 

Amia  Lei»esiensis,35S. 
r    Comn-  * 


1,344. 
Alteration    of    rocks.     Ammonites    Mantelli, 
914.  340  ;  of  the-  Oolito, 

AUuTial   deposits,    39,         497;      Susseiiensis. 


.,  Google 


Ampullaru  linrBtiDa, 

347. 
Analogy  not  [deotilf, 

61U. 

Aiwljiii  of  peat-coal, 


Ancient  world,  937. 


of    FennsyliBnia, 
706,  716. 

Antlu-acotherinm.  362. 

Aatibes,  osseoui  brec- 
cia at,  1S8. 

Aoljpaioi,  grotto  of.78. 

Antnm,  Ireland,  chalk 
at,    302;    igneous 
locki  of,  S9b. 

Apiucrinui  Paildnionl, 
662. 

Appalachian  coal-field, 
706. 


247. 
Ancytoceru  Hathero- 

nianiu,  D'Orb.,346. 
Andea,  altered  tertiuy 

■trala  of  the,  2S7 ; 

Hr.  Charles  Darwin 

CD  the,  2S7. 
Annelide-marka,  BOS. 
Annelidea,    Siltman, 

B22. 
Animalcoles    in    flint, 


331. 
Animal  forms,  diver- 

«ity  of,  69ft 
Animal  natare  of  Zoo- 

phytea,  603. 
Aninial  lemunsi  lOcka 

composed  of,  932, 


Aaterophyllite,  735. 

Aeterophylliles,  73^. 

Astnea,  625. 

AstrffiidteoftlieOoliu, 
498. 

Aitronomy,  cciiDeiioD 
of  Geology  with,  4a 

Asturiaa,  coal  of  ihe. 
705. 

Alherfield  beds,  301, 

Atmoapheric  condi- 
tions during  the  C*^ 
boniferous      period, 


123;  extirpated  by 
human  agency,  125. 

geographical  diatri- 
bntion  of,  33. 

Anoplotliari^  261, 262. 

Anoplolherium  com- 
mune, 259,  261 ; 
gracile,  259.- 

Ansled,  Prof.,  on  the 
Coal-fields,  676 ;  on 
Hineral-ieins,  907. 

Anthoioa,  or  ccisla, 
6C0. 

Anthracite,  721,  736; 


Aiaucaria,  or  Norfolk 

Iiland  pme,32B,392, 

548,  713;    eiceUa, 

402. 
ArchseDCidaria,     Car- 

bomfeioua,  762. 
Aichtconifcua   of   the 

Purbeck,  418. 
Archegosauius  of  the 

Coal,  771. 
Archiac,  H.  le  Vicomte 

d',  referred  to,  301, 

306,  376,  788. 
Arsenic,  849,  907. 
Artesian  well  at  Gre- 

nelle,neai  Piiia.l'H. 
Aiueian   wells.    236; 

in  RuHsia,  322 ;  near 

Londoo,  237. 
Articulated    atmctnre 

of  rocks,  890. 
Artificial     solulion    of 

Artifldal     Togetable 

petrifactions,  729. 
Ascension,  fossil  turtles 

of  the  Isle  of,  89. 
Aahbumham     atraU, 

380. 
Asiatic  elephant,  143. 
Aspieoium     scolopen- 

dmm,  M7. 


911. 

Austen,  Mr.  R.  God- 
win, ft  bed  of  mariM 
shells  at  8Taliig> 
discovered  by,  4U; 
on  a  boulder  of  grtr 
nitointheChalk,9:% 
on  the  extent  of  i1k 
Weald  en  deposit 
388,  488;  on  lii 
Farringdon  distiid. 
387;  on  the  Csr- 
bonif^oua  and  D«- 
Tonian  rocks.  78J, 
785. 

Anaten,  Rer.  Hr^ 
Guide  to  the  Geo- 
logy of  Purbeck  bj, 
referred  to,  394. 

Austin,  Hr.,  on  Ca- 
noida,  658. 

Australia,  fauna  i"' 
flora  of,  511,  939; 
osseous  biecci*  oU 
189. 

Aurergns,  extinct  lol- 
canoa  of,  273,479; 
fresh-water  slnUi^ 
3771     geologj   «t 
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273.  379 ;  inciuating 

Bardon    Hill,   syenile 

BeediDg  Lerela,  64. 

apringa  a^  278  ;  la- 

of,  9IB. 

Beekttes.  792. 

custrioe  limes  tune  of, 

Bamataple  or  Petber- 

Beinert'a,     Dr.,    coal- 

win  group,  785. 

section  in  garden  at 

of,  377. 

Silurian  baain  of  Bo- 

Belcher. Sir  E.,  refer- 

hemia, 819;  on  Siln- 

red  to,  708. 

rian  fosaila,  827. 

Belemnilella,     mucro- 

B. 

Barton  Cliff,  342;  ma- 

473. 

rine  eocene  abells  at, 

BabbagB,   Mr.  C,   on 

247. 

347;  dilalatus,  347; 

marks  of  growth  in 

Baryles,  908. 

minimus,  340. 

fosail  trees,  714;  on 

Baryt-spar.  908. 

Basalt,  849,  880,  887. 

Oolite,  500. 

level,   109;    on  the 

Batracblan     reptilea, 

Temple   of  Serapis, 

552. 

ferous,    763;     ailu- 

106,  959. 

Balrachians,  584. 

rian,  826. 

Saber's,  Mr.,  collection, 

Bay  of  Baiffi,  108. 

Bell,    Dr.  T„  referred 

150. 

Bay  of  Naples,  111. 

to,  574;  on  Amblj- 

Bacon,   Lord,  quoted, 

rbyncus,  957. 

83. 

Bengal  tigei,  skaU  of. 

BaculilDS,  346. 

Bean,  Mr.,  referred  to. 

139. 

Bagabot     aauds     tud 

501. 

Ben   Nevis,   structnia 

clays.  234. 

Bears  of  tbe  caTema, 

of,  933. 

Bai(e,  Bay  of.  108.961. 

foasil,  178. 

Benstad.   Mr.  W.  H., 

Bailey,  Prof..on  Green- 

Beckle3.Mr.8.  II.,dU- 

discovery  of  remaina 

sand,  314 ;  on  fossU 

coTeryoffoBailmam- 

of  an  Iguanodon  at 

infusoria  in  luff.  861; 

■IUl]a     at     Purbeck, 

Maidstone  by,  442  ; 

on  vegetable  stnic- 

394.587;  discovery 

fossil    turtle    found 

ture    in    nntbradte. 

of  tbe  bones  of  (he 

by,  368. 

71G;  on  fosaU  infu- 

Berger, Dr,  on  Antrim, 

soria  at  Kicbmond  in 

in  tbe  lale  of  Wight 

895. 

Vii^inia,  286. 

by,384;Macropoma 

Bergman.  M.,   on  the 

Baird,  Dr.,  ou  Eathe- 

obtained   from    the 

solubilily  of   silex, 

tia,  420. 

Purbeck     beds    by, 
359;    on    the    ttitfd 

731. 

Bakcwflll,  Mr.,  on  the 

Bermudas,    recent 

surface  of  the  moon. 

foot-marks     in    the 

Umestoneof  tbo,e3. 

462 ;     on     plutouic 

Wealden  beds,  384; 

moTementa,  931 ;  on 

on  the  Haatiugs  cliffs. 

vonian,  796. 

salt,  543. 

378;  relics  of  Megalo- 

Beryi  and  otlier  flahea 

BaJcomb,       Wealdea 

aauruB  obtained  by, 

of  the  Chalk,  359, 

atraU  of,  374. 

435. 

Balfour,  Prof.,  referred 

Becquerel,  M.,  on  arti- 

364; radians,  363. 

to,  710. 

ficial  cryaUls.    906; 

Beyrichia,     ailuiian, 

Ballard  Down  to  Dorl- 

on  mineral    veins. 

atone  Head,  section 

909. 

Bignw  Park,  Sussex, 

from,  393. 

Bed   of  the  Adnatic, 

fucoid      in     chalk- 

Banwell  Care,   in  the 

69 ;    of  the  British 

Mendip  Htlla,  osse- 

Channel.  69  ;  of  the 

Big-bone-Lick  in  Ken- 

obs coolenta  of.  183. 

ocean,  69. 

tucky,    remains    of 
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ItiMoim  and  other 

Bolney  Quarries,  38-2. 

Bowcrbanli,  Mr.J.S. 

gigantio  quadruped* 

Bonchurch,      Isle      uf 

his  collection  ut  f«- 

at,  157. 

Wight.       Clalhraria 

Bils,5&l;onlheoiipD 

BiRiby,   Di.,    on    the 

from,  328.     ■ 

of  flints,  307,  m-. 

ErraliCT    of    North 

Bone-caTCTna  in  Eng- 

on  the    fossU  frsjli 

America,  219. 

limd,  179. 

of  the  London  Cl.y, 

BJnfield.   Mesara.,  dis- 

B  one-conglomerate. 

233;    micimotpial 

co.ery   of  Wealdeu 

185. 

examination  of  bona 

insecu  by,  5i1. 

Bone-bed  of  the  Lias, 

of  birds  and  repiila 

Binney,  Mr.E.W.,  on 

S23,  561. 

by,453;0BSpirage 

Aerulite.,     52  ;     on 

Bones,    microaoopicul 

602. 

Permian    rocka    of 

eiamination  of,  453 ; 

BVaehiopoda,  GOI- 

Scotland,  555;    on 

diseased.  ofcarnlTO- 

BrackleBhaniB8j,Jil-, 

the  Permian  rocks. 

ra.  found  in  eavema, 

muine  eocene  sttl* 

563. 

184. 

at.  247;  rosDdibIa 

Binslead,    freah-watet 

Born,  geology  of,  282. 

ofChimwroidfishU, 

teniarj    ahella    at. 

Bony-scale     fish,    De- 

^■ 

219. 

vonian.  797. 

Bradford  Qay,  50* 

Birda-eya      limestone 

Boron,  849. 

Brain-coral.  62fi. 

of  America,  821. 

Bos    lOTgifrons.    133. 

Brandt,  M-,  on  Pb)l»- 

Birda.  different  forma 

134 ;      primigenius, 

zoa,  600. 

of  feel  of.  14S. 

133. 

Bray    Head,   M'^ 

Birds,  fossil,  257,  452, 

Bosquet,    M.,   on    the 

823. 

520,534. 

Cretaceous  and  Ter- 

Breithaupt, Prof,  .*■ 

Bischof,  Prof.,  on  the 

tiary  Enlomostmca, 

on   the    parsj.n'^^ 

origin  of  rocks,  8S3. 

350;  on    the    Ento- 

Biaon  priacus,  133. 

Brickenden.  Capi.  \ 

Bilumeu,  722,  723. 

Weaiden,  418. 

discovery  of  j»»f 

Bituaienile.  718. 

Botanical  epochs,  776. 

Iguanodonby.Jf 

Biainrille,  M.,  OB  Zoo- 

Boll«m-rocks, S'i3. 

Brixton  and  Lwto 

phytes,  603. 

Bou*,  M.,  on  the  salt- 

RsiI'm.r   sefU* 

Blankenbunt,       planta 

mines    of.  Qalicifl, 

^^■ 

from  Chalk-Strata  al, 

289. 

Brighton   am.  113; 
coast,  molaliciis  t"- 

329. 

Boughloa     Malberbe, 

Blende.  900, 908. 

near  Maidstone,  jaw- 

460;  geoiogicil  P««- 

Blom»eld,  Dr.  Charles 

and  bones  ofahyena 

nomena        bei>"« 

James,  quoted.  29. 

in  a.  fissure  in  Kent- 

London  and,   3"^ 

Blue-John  of  Derby- 

ish  Rag  St,  182. 

raised  sei-bMci  U, 

aoulder    near    Mount 

'12. 

Bcgbead-coal,  7 IS. 

Sinai.  218. 

Bristowe,  Mr.,  m  "^ 

Bognor.  inatine  eoceiie 

Boulder  of  granite  in 

strata  at  Almn-BtJ- 

shelli  at,  247.  '249. 

the  Clialk,  973. 

British  Channel,  tal"' 

Bognor  rooks,  241. 

Boulders,  errstii:,  214. 

Bofaemia,  plaJat?  from 

BoUTgueticriaua       of 

the,  69. 
Brodie,  IheBev.P'^' 
on  fossil  iBSECU.*ft 

419.  422,  523.6K1 

Chalk-strata  of  329; 

the  Chalk,  663. 

Silurian    rocks    of. 

819. 

remains    in    Eocene 

Boiling  springs,  97. 

strata  at,  245. 

discovery  cfBDtoiw 

Boliify,     in     Swex, 

Botey  Tracey  in  De- 

419;  Leplolepii*!; 

oxide  of  iron  near, 

Tonshire,       tertiary 

93. 

broH'u-uoal  at,  215. 
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flrodie.  Mr.  W.,  and 
Mt.  S.  Heckles,  dis- 

lepUJes  and  majii- 
mals  in  ihe  Purbeck 
beds,  by,  394. 

Bromley,  shtll-conglo- 
raeraleit,231. 

BiomsgriHe,  Burler- 
BUidstone  af,  551. 

Brongniarl,  Adolphe, 
Ou  the  pluiI-reniBJiia 
St  Hoer,  367;  on 
foBBil  plan  19,  548, 
;iO,  737.  739,  743. 

Bronn'd  Lethea  Gcog- 

256,  740.  ' 


on  Mainmaliui  le- 
maioB,  136;  on  ttie 
Kiikdale  Care.  180; 
on  theMegalodaorus, 
435,506;  on Triassio 
footptinla,  557 ;  oa 
the  materials  of  the 
Wealdttn  beds,  487  ; 
oa  the  moUuskits 


Bugula  flabellnu,  618. 
Bulimua  conicus.  248. 
Bunsen,  Prof.,  on  the 

Geys«n,  %. 
Bunter-sandstone,  551. 
Burdie-House    lime- 

Blone,  709. 
Burmeialer,  Prof.,   oa 

the  LabyrinthodoHta, 

552. 
Bn^k,   Dr.,  on  Biro- 

zoa.  600. 
Byron,   Lord,  quoted. 


Gaudia,  changes  of  le- 
vel in,  9Sl. 

Canoe,  ancient  BritiBh, 
in  lilt  at  Nuiib 
Stoke,  64. 

CauteTbury  Cathedral, 
polished  columns  o( 
Purbeck  macble, 
416. 

Carbonate  of  lime,  74, 
195,  90B. 

Carbouic  acid  gas,  de- 

by,  79;  in  Caves,  80. 
Carboniferauj    furtba- 


1.204. 
Carbuuil'eruua 


Brown-coal,  at  Wool- 
wich iti  Kent,  Corfe 
in  Dorset,  Borey 
Tracey  in  Devon- 
stiire,  and  in  Prance, 
the  Netherlands, 
Germany,  &c.,  215 ; 
of  the  Rhine,  283. 

BrowD,  Dr.  S.,  on  3i- 
leK,  727. 

Bryoioa,600,601.6Il; 
in  chalk.  329,  331 ; 
Carbaniferou9,  762 ; 


Silur     . 


tbd  e 


Bryson.  Mr,,  on  dia- 
tomaces  in  slate- 
tockg,  916.  9S3. 

Babaloa      mascfaatDB, 

Buckland,    Ber.   Dt., 


Calamites,  549,  737. 
Calbourne,  fresh- water 

tortiaiy     shells     at, 

S49. 
CaluiferouB    sandstone 

of  America.  8'2l. 
CalcQtt,  Lady,  on  the 

elevation  of  the  coast 

at  Valparaiso,  IIL 
Cale-spar,     74,     195, 

Caledonian  Valley.  921 , 
Calymene      Blnmen- 

bachii,  830. 
Cambrian     formation, 

21)5,804. 
OampianlariB,  621. 
Cani^r    manTochelua 

from  Mdla,  £51. 


stone,  693 ;  of  Aji- 
glesea,  904 ;  period, 
9-25  ;  rocks  of  De- 
ToDshire,  6%  ;  ae- 
ries, 670.  672;  «e- 
ries  of  North  Ameri- 
ca, 705;  slate  of 
Iretaad,  673;  trees 
and  plants,  752. 

Carbiiretted  hydrogen, 
722. 

Carchariaa  megalodon, 
225. 

Careharodon,  teelli  of, 
in  Crag,  255. 

Camivora  (fossil)  in 
caverns,  1 75 ;  Osteo- 
logy of,  139. 

Carpolitea        MantelU, 
Brong.,    412; 
Smith  is,  from  Chalk 
in  Kent.  329. 

Carrara  marble,  895. 

Carred-scale  fish,  De- 
yoniaa,  797. 

Cuyocystites,  B25. 

Gary ophy Ilia,  623. 

Cashmere,  baried  ten- 


pie 


:i,  961. 


Castle  Hill,  NeirhsTea, 

115.238,  240. 
Calenipora,     Silurian, 

820,  824. 
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Citt,  Mt.  Henry,  re- 
Cenei  to,  487. 

Ciuti^,  Col.  Sir  Pro 
by  T.,  on  ths  fotait 
Zoology  of  the  8e- 
wklik  Hill*,  in  the 
Nonh  of  laiii,  163. 

C«»e  of  GajlenreuUi, 
in  Germany,  176. 

CaTern  of  Banwell, 
163. 

Gavems,  77 ;  fouil 
camivorR  in,  175; 
in  England,  466  ;  of 
the  Bmiilg,  179 1 
DBsiferuDg,  174. 

Caves,  catbanic  acid 
fu  in,  80. 

Ceciliada,  553. 

Cell!    and    cell-atruc- 


feroiu,  763;  Crela- 
ceoui,  342:  Devo- 
nian, 792;  Jurassic, 
5281    Silurian,  836. 

CephaluBpis,  Deronian, 
794;  Silurian.  832. 

Ceraliuoaria,  Silurian, 
827. 

Cerithium  giganteum, 
249  ;  lamelloaum, 
247  i  of  the  Oolite, 
499. 

Cestiacion,  or  Port 
Jackson  shark,  355. 

CeslracionU,  770. 

Cetaceans  in  Cretace- 


CetiosBuniB   of    the 

Wealden,  427. 
Celte,  osseous  breccia 

ai,  188. 
Caiain-coral,  651,  820, 


Qialk,  animalculiiea  of 
the,  321 ;  at  Beachy 
Head,  302;  boulder 
of  ([canite  in  the, 
973  j  biyozoa  of, 
329j  cephalopoda  of, 
342 ;  cieloniau  rep- 
tiles in.  367;  com- 
position of,  3U4; 
criooidea  of,  336; 
ciuBUceana  of,  348 ; 
echinitea  and  spines 
from,  338;  fishes  of, 
359 ;  foraminifera  of, 
3U5 ;  fonnation  of, 
300 ;  foaails  of,  310 ; 
foaail  sponges  in,329; 
in  Antrim,  Ireland, 
302,  894;  marina 
flora  of,  327  ;  meta- 
morphosed, 895 ;  nu- 
cleolilea  from,  338 ; 
of  DoTer  Cliffs  and 
Soatk  of  England, 
302  ;  reptiles  of  Ihe, 
366 ;  Roaalins  of  the, 
332;   shells  of  the. 


340; 


:    of 


(he.  337;  teeth  of 
sharks  in,  364 ;  with 
flints,  301 ;  Zoology 
of  (he,  481;  zoo- 
phytes of,  32U. 
(Aalk-detrilLU,  at  Cha- 
ring, 335 ;  method 
of  procuring  and 
cleansing  the  fossils 


ofth 


B,  303. 


Chalk-dowi 

Chalk- dust,    highly 
magnitled,  305, 

Chalk-formation,  201 ; 
at  Pondicherry 
(Southern  India), 
302 ;  geographical 
extent  of,  302 ;  mid- 
dle and  tower  groups 
of,  314;  organic  re- 
■noinB  of,  323 ;  sub- 
divisions of,  301. 

Chalk-marl,  301,  314; 


Chalybeate  lullatHoie. 

241. 
Changes  of  level,  ciusa 

of,  109. 
Chara,  407  ;  *eed-iea- 

sels     of,   from  Ail, 

267. 
Cbaracteia   of  succes- 

928  ;       fossil  Bont, 

ib. 
Charing,  chalk-delriM 

at,  335. 
diailesworlh,  Mr.  E., 

on  the  Leiodon,  Sw  i 

on  the  CtB«,  223. 
Chamwood    Forest, 

903. 
Ciiaiy    limestiMie    iif 

America,  S2I. 
Cheese-v,-ring  of  Com- 

wall,  901. 
I^eiracanthus,  797. 
Cheirolepis,  797. 
Cheiiotherian  reptile* 

771.  ' 

Cheirothennm,  556. 
Chelone    Bellii,  42?; 

BenBtedLframcbsU'i 

368;    costata,  42!: 

Mantelli,  427. 
Chelonian    fool-lracl:' 

in  the  Devoniaii.S'^i 

574,    797  ;    in   H" 

millstone-grit,  693; 

in  the  Permian.**^ 

575. 
Chelonian  reptilei.5'^; 

in  chalk,  367 ;  in  tb« 

Wealden.  427. 
Cheltenham     valere. 


ChicheatM    Culiod'«'> 
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polished  columns  of 

rocks,  301 ;    of  the 

originating  in   mh- 

Purbeck      roirble, 

Devonian  rocks. 783, 

merged  landa.  759 ; 

416- 

765,    787  !      of  the 

upright  trees  in  the. 

Chili,  elevuion  of  the 

Jurosaic  rocka,  490; 

686. 

of      the      Pennian 

Coal-plants,  733. 

Chilian  coast,  Mrs.  So- 

rocks,  536,  562;  of 

Coal-seams,  thick,  683. 

merville  on  the  ele- 

the Tertiarv  rocks. 

Coal-ahale,  676. 

vation  of  the,  112. 

215;  of  iheTriassic 

Coal-shales  and  veget- 
able  remains,  691. 

Chimera,  3^5. 

rocks,  536. 

Clathraria,  a  petiole  of, 

Coals,    of    Secondary 

Btackleshun,    25&; 

411  ;      from     Bon- 

age.  672. 

from  chalk,  356. 

church,  328;  Lyellu, 

Chimhoraio,  height  of, 

408-^11. 

796. 

35. 

aaws  of  a  fossil  Her- 

Coffee-plant   of   Ber- 

Caiimting Caalle,  near 

mit-crab  from  Maes- 

muda,  84. 

Seaford,  Ml. 

trichl,  350. 

Coins  in  conglomerate. 

Claj-beds     of     Kim- 

81,  82. 

Choaiii(esK<Enigi,329; 

meridge,  497. 

Cole,  Mr.,  on  (he  skin 

in  flints  in  Ruuia, 

Cla^-alate,  897. 

oflchlhyosaur,  579. 

322. 

Clent   Hills,  structure 

CoUma.871. 

of  the,  811. 

CollyweaioQ  tilestonea. 
516. 

Choke.damp,  721. 

Clermont,  view  of  the 

Oiondritea  Bignorien- 

environs  of.  desciib- 

Colosaochelys,  bones  of 

■is,  328. 

ed.  274. 

the.  164. 

Chronological  arrange- 

Cliffs, of  St.  Cttlogero, 

Columbia  River,  sub- 

ment of  the  Blrata. 

845;  at  Slraithaird, 

merged  forest  in,  404. 

199. 

897. 

Columnar      etrncture. 

Climate  of  the  Palso- 

889. 

tain-ch>iiiB,9l8,919. 

loic  ages,  772. 

Comatulffi,  or  feather - 

Cidaridei,     Jurawic, 

Climale    and     seaaons 

stars,  635. 

550. 

indicated    by   fouil 

Com  be -rook  of  Brigh- 

Cidaris from  the  Chidk, 

wood.  713, 

ton,  79,  113. 

33S;  of  the  Oolite, 

Clinkstone,  888, 

499. 

Clinton  rocks,  821. 

13?. 

Cilia,  605. 

Cliona,  Silurian,  823. 

Comparison     of    the 

Cilio-brachiata.orBry- 

010.1,600. 

Coal.   912;    in  peat- 

Wealden  fossila,510. 

Qadyodon,  653. 

bo)(B,66;inTertiBry, 

Conchifera,  212. 

Clarke,    Rev.   W.  B., 

265  ;   in  Tertiary  of 

Cone,  from  Kent,  412. 

refeired  to,  708. 

the  Rhine.  283;   of 

Cl^ifiration  of  fishes, 

New  Zealand,  708 ; 

Sussex,   412;    from 

351,352;  offotma- 

oftheWealden.405. 

the  laic  of  Purbbck. 

tioDB,  200;  of  plants, 

Coal-bearing  Oolite  of 

412. 

734;  of  Strata,  37; 

Brora,  517;   of  the 

of  the    Tertiary, 

Oolite,  513. 

from  Sandowa  Bay, 

210;  of  Carbonifer- 
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412. 

ous  roeks,   674  ;  of 

Coal-field    of   Derby- 

Conferva, 609. 

cual-planu,  735 ;    of 

shire,  677. 
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coniiloiTieTaie,  564- 
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Corda,  M.,  icferiedto, 
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Comuliles,  825. 
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Crab,  fossil, from  Malts, 
254. 
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Cretaceous  period.  324. 

Crinoidea,  654 ;  in 
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85. 
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Jurassic,  649;  Pa- 
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dimioni  of,  224 ; 
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273. 
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852;  of  elevation, 
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846, 
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Cray-fish,  349- 

Ciedner's,  Herr,  col- 
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429. 

Crocodilian  reptiles, 
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of  lheWealden.428. 
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ism, 906. 
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195. 
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Cumberland,  palteoioic 
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ferred to,  29;  on 
Zoophytes,  602 ;  on 
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13i. 
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426. 
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Cycadeie,  400,547, 736. 
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Wd),  401. 
Cycadeous  plants,  407. 
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from  Ail,  267. 
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7S5.  794. 
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al   i 


nthe 
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referred  to,  708 ;  on 
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887  i  on  the  Galapa- 
gos Islands,  939. 
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lera,  545 ;  oii  vol- 
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Dendrodua,  797. 
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Daivson,  Prof.,  on  (he 

Carboniferous  rocks 
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419. 
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102. 
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Connecticul 
prints,  559. 
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534. 
Denon,    M.,    on    the 

sands  of  Egypt,  90. 
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Derbyshire,    coal-field 
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•4par,     696 ;      tnp- 

roclu  of.  699. 
Dercet  u  elongatuB,362. 
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■pian  of  Hylteosau- 

ru>,  451 ;  of  Qonio- 

pholii       crusideiu, 
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DesmidUeea,  311. 
DeiCruction    of    racki 

by  carbonic  acid  gaa, 

DetritH^    clialk,      at 

Cliaring,  335. 
DsTa-dbuDKB,     Hima- 

Uyaa,  height  of,  35. 
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926;  of  Scotland, 
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Dew,  Mr.,  554. 

Diamond,  724. 

Diatomaceie  in  meta- 
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Diehobuae,  262. 
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the  Wreck  of  ihe 
Thetia,  70. 

Dictyophyllum  crasai- 
nervum,  549. 

Dicynodon  of  South 
Africa.  554. 

Didiia  ineptus.  129. 

DietfeDbBc)i,Dr.,oa  the 
thermal  springs  of 
New  Zealand,  98; 
lipites  of  New  Zea- 
land, 708. 

DiluTial,  39. 

Dinomis  of  New  Zea- 
land, 128. 

Dinosaurtans,  433. 

Diaolherium, 175,262; 
proboruidean  cha- 
racter of  the.  963. 


diseorared  near,  419. 

DiplopterUBoftheOld 
Bed.  797, 

Dipteronotua  cyphns 
oftheBunter,  551. 

Diptenu  of  the  Old 
Red,  797. 

Dirt-bed  at  Portland, 
402;  in  Isle  of  Pur- 
beck,  404;  atSvin- 
don,  403. 

Discina,  Silurian.  825. 

Discours  sur  lea  R£to- 
lutions,  263, 

Diseased  bones  of  car- 
niTora  found  in  ca- 
verns, 184. 

Displaced  strata,  197. 

Distinction  between 
animals  and  regel- 
ables,  596. 

Diversity  of  animal 
forms,  599. 

Diion,  Mr.  F.,  foBsila 
of  Sussex,  241,  256. 

DodoofMaurilius,129. 

Doleritu.  S49. 

Dolomieu,  M.,  on  pu- 
mice, 850. 

Dolomite,  562,  565. 

Dolichosaurua  longi- 
collia,  367. 

D'Orbigny,  M.  Alcide, 
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acribed  by,  526  ;  re- 
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Dore,  Mont,  extinct 
volcanos  at,  275. 

Downshire,  Marquis  of, 
aalt-worlra  at  Car- 
lickfergus,  540. 

Drachenfels,      extinct 

Draco  volans,  583 
Drift.   39,   200,   216; 

atMnswellHiII,22i; 

and  alluvial  debris, 


Droitwich,       brine- 
springs  of,  540. 

Druid-sandstone,  231. 

Dudley.  Sflurian  strsls 
of.  810. 

Dufi^oy,  M.,  on  grs- 

Doncan,  Itev.  H..  on 
fossil     foot  -  tracki, 

555. 

Dunker.  Dr.  'W,,  on 
the  Wealden  of  Ger- 
aULny,  377,  389,  442. 

Duration  of  geolo^cal 
epochs,  30. 

Durtstone  Head,  sec- 
tion of,  in  Swanage 
Bay,  393. 

Dykes,  850,  851,898, 

Dynamical  agencies, 
effects  of,  931. 


temperature  of,  34; 


842. 

Earthquakes.  841  ;  ef- 
feeta  of,  842. 

Eoatware  Bay,  aear 
Folkslone,  317. 

Ebelmen,  M.,  on  arti- 
Acial  crystals,  906. 

Echinites  and  spines 
from  the  Chalk,  33S. 

Echinoidea  of  the  Oo- 
lite, 528. 

Bchinodenns,  Silurian, 
822. 

Echinosphierites,  825. 

Edaphodon  leptogna 
thus,  255;  Mantelli, 
356. 

Edwards,  Mr.  P.,  his 
collection  of  High- 
gate  foaails,232 ;  mo- 
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nogcBph  of  Ilia  Eo- 

Existing       geolonical 

cene     mollusca    of 

agents,   53;  vegeta- 

EDKl&nd  referred  to, 

874. 

blee  classified,  731. 

242.  249,  250. 

Emmons,  Dr.,  on  fossil 

Edwards,    M.   Milne, 

Mammoth,    in    ice. 

Mid   M.  J.   Hiiime, 

iina,  520. 

151. 

on  British  fossil  co- 

Emydes, 574. 

Extinct    volcanos     of 

rals,  246,  621. 

Enaliosaurians,  576. 

Auvergne.   272;    of 

Efifecta  of  currents,  70 ; 

Enoke'sComet,44.45. 

the  Rhine.  281,  293. 

of    dynamioBl    and 

Encrinital  marble,  660. 

Extinction  of  animals. 

chemical  action,93t; 

Encrinites,  550.  658. 

123;  the  law  of.  124. 

of  high  temperature, 

End(^niteserosa.407. 

102. 

Egerton,  Sir  P.,  classi- 

Chalk, 254,  3aO;  of 

F. 

fication  of  fishes  by. 

the  Wealden,  418; 

referred  to,  352  ;  on 

Tertiary,  254. 

Fairholme,  Mr..onthe 

chimeroid        fishes. 

Entroehites,  658. 

earth's  surface,  36. 

355;referredto,519. 

Eocene,  or  Lower  Ter- 

Falconer.  Dr.   Hugh. 

Ehrenbarg,   Prof.,    on 

tiary.  211,  216.  226  ; 

and   Sir  P.  Cantley 

the  origin  of  flints, 

shells    of  the    Paris 

on  the  fossil  zoology 

307 ;  on  corals  and 

Teniaries,         247  ; 

of  the  Sewalik  Hills, 

bryoioa,     600 ;    on 

strata,     organic    re- 

I63.257,575;fn™ils 

greensand,  823 ;   on 

mains  ot  the,  243. 

collected  by,  242. 

infusoria,  in   volca- 

Epoch   of     terrestrial 

Falconer,  Dr.,  on  Ele- 

nic ashes,   860;    on 

phant.  963,  967 ;  on 
Mastodon  and  Ele- 

infusoria in  volcanic 

Equi&etiices",  735. 

tnffs,  &c.,  918;  re- 

phant, 963. 

ferred  to,  953. 

Bquisetum,  407. 

ftllow-deer  from  Sea- 

Eifel-rocks,  DcTonian. 

Eremacauflia,  721. 

nia,  173. 

786. 

Erilh,  thickness  of  an 

Farre,  Dr.  A.,  on  bry- 

Elementary    organic 

ancient  alluvial  silt 

ozoa,  600. 

structure,  603. 

at,  149. 

Elephants,  fossil.  U7 ; 

Emouf,   Gen.,  on  the 

from,  644. 

grinding  mrfoce    of 

Faults  to  the  coal-mea- 

teeth of,  143;  teeth. 

stone.  87. 

sures.  700. 

143. 

Erratic  boulders,  217. 

Fauna  of    New  Zea- 

Eruptions of  Vesuvius, 

land,  938. 

967  ;  tooth  of,  161. 

848,812. 

Essex,  teeth  of  Mosa- 

sil,  928. 

959;    of  moantaizis. 

saunn  in  Chalk  of. 

Favosites,  824 ;  Upper 

919;  of  Newfound- 

321. 

SUurian,  820. 

land.  95a ;  of  New 

Estheria.  418,  420. 

Faxoe-chalk.  645. 

Zealand,    961;      of 

Europe,  Tertiary  strata 

Feather-stars,  655. 

ot283. 

Fellows,SiiC.,referTed 

ofthe  coast  of  Chili. 

Evaporation,     amount 

to,  961. 

HI. 

of.  56. 

Felspar,  849.  883. 

ElUi.  Mr.  on   corals. 

Evidence,    historical. 

603. 

108. 

447. 

Elians    of    Cornwall, 
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7S6,  S99. 

by     streams      and 
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Wealden,  405. 
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iras"'""'" 
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the  Levant.  334;  in 

Fibres.  735. 

locks.  886. 
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Fingar«C»re.S9J. 
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335  ;  of  tlie  Chalk, 

FirB-dunp,  721. 
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305.    331;     of   the 
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M.. on  the  Rhophl- 
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reniain»in,308;  ori- 
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Fisher,  Rev.  0.,  on  the 

gin    of.    3U6,    307. 

Forbes,  Dr.  C,  on  lig- 

Wealden  beds,  486; 

309;petrif»clionby. 

nitea   of  New  Zea- 
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102 ;    Prof.    Ehren- 

land,  70S. 

U,   381,   3S2,   394, 

bergon.307i  scales 

Forbes,     Dr.      J.,      on 

396. 

of  fishes  in.  353. 

glaciers,  72  ;   on  the 
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Temple  of    Serapis, 

m-,    fossil,    from 

locks,  38. 

109,  959. 

Ail,     2^ ;    Praf. 

Flora  of  the  Coal,  732, 

Forbes.    Prof.    E..    on 

Sillimui    on    ro«U, 

754;oftheWea!den, 

18;  of  MoQls  Bol- 

483  ;    of  New  Zea- 
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Upper    Eocene    de- 
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posits  of  the  Isle  of 

769;  of  the  Chalk, 
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Wight.   243  ;   on  the 
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Glacial epoch.  221 ; 
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tals,  883. 
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Clay,   253;    of   Ihe 

Fluor-apsi.  696,  908. 

beds,  394 ;  on  Ter- 

Oolite, 530;  of  the 

Flustra,     6U,    612; 

tiary    echinodems, 
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aviculaiis.   618 ;  to- 

225. 
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Uacea,  6lt>. 

Forest,  fossil,  in  coal- 

832;  oflbeTerlkry 

Flustroid      Bryoioa, 

measures,      688  ; 

depoaiu,254iot,he 

612. 
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TriM.    551 ;    of  Ihe 

Fluvlatile  strata,  form- 

Weslden,  422. 

aUon  of.  59. 

ridge   of  the  Weal- 
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Fluvio -marine  depoiit» 

den.  372. 
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in  the  Valley  of  the 
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Fillon.  Dt.  W.  H„  on 

Ouse,  61;    Upper 

67. 

the  beds  below  tba 

Eocene  deposits  of 
the   Isle  of  Wi^t, 

Chalk.    3&7.    399; 

Guide   to    the   Ge- 

243. 

tion  in,  787  ;  shales. 

ology   of    Hasting) 

Flying  reptiles,  581. 

833. 
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en.     487;     on     tlie 

sic  rocks,  836. 
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614. 

desprung,  822. 
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regetflbles,  404,912  J 
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PemBs  of  the  Oolite, 
497. 
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Pliitippi,  M.,  on  tertl- 


Phillips,  Prof.  J.,  coal- 
beds  of  the  Yoik- 
ahire  Oolito,  514;  on 
tbe  Geology  of  Yoik- 
e1iiTe.4g3;onJuma- 
Bic  foasila,  526;  on 
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PlymoQtb,  oeseona 
brecciaa  at,  137. 

Pcecilopleuron.  432. 

Polygon al  prisms  in  ba- 
aalt,  889. 
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Puz^uoli,    subsidence 
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fossil ,  eatomostraca, 

.    350.       . 

Reversed   strata,  816. 

Review  of  the  hjpo- 
gene  rocks,  914 ;  of 
.  the  lower  Palieozoio 


Rhinoceros,  from  Sur- 
rey and  Sussex,  173. 
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Sertiil«ri.is,  602 
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on   Permian   Ssbes, 
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211,  346;  of  tha 
Chalk,  340;  ofthe 
Oolite,  a02  i  of  the 
Wealden,  413  ;  of 
the  CarboniTeroua 
■yst«m,  76  S. 

Shelly  Umoatone,  897. 

Bheppey,  Isle  of,  233  ; 

hoaion  d^j  iii,2S3 ; 
marine  eocene  ataelli 
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mains in,  233:  re- 
tnaina  of 


Shingle,  elevat«d  bede 

of,  iia. 

Sibeiia,  alluvia  of,  148  ; 
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148;  skeleton  of  the 
Mammoth,  or  Ble- 
phaB  prim  [gen  iua, 
imhedded  in  frozen 
gravel  in,  153 ;  and 
Russia  in  the  mam- 
doth -epoch,  156; 
miuk-oz  rrom.  173. 

SLchon,  slat;  rocks  of 
the,  704. 

Sicily,   pliocene   beds 


Silurian  formation, 
205 ;  strata  of  Staf- 
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Snowdon,     strata    of, 

eis. 

Soda-granite,  698. 
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tion of  the,  44,  45. 

Sairatsra,  I^ke  of  the, 
76,  463,  841. 

Sohent  power  of  water. 


307. 


in  the 


,  112; 


Sicily,   plio 
of,  221, 


of,  99. 
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thermal  waters  of 
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SiliciBcalioD.  102.727; 
or  petrifaction  ot 
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Silliman,Frof.,  on  coal, 
6 ;  on  lignite,  6  ; 
on  marble,  7 ;  on 
metals,  8;  on  Mount 
Washington,  10 ;  on 
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rica, 10;  on  foisil 
fishes,  18;  on  fossU 
plants,  18;  on  fos- 
sil reptiles,  19. 

-"' ,  Prof.,  Jan., 


period,  926. 

Silver  907,   910. 

Siphonotreta,  Silurian, 
825. 

Site  of  the  country  of 
the  Iguanodon,  484. 

SiTatherium,  skull  and 
bones  of,  164. 

Skeleton  of  the  Mam- 
moth, or  E)ephss 
prim  genius,  imbed- 
ded in  frozen  graiel 
in  Siberia,  153;  fos- 
aU  human,  85, 

Skull  of  the  horse  141; 
of  wild-cat,  140. 

Skye,  oolife-rocks  of, 
517 ;  trap-dykes  in. 

Stale- cleavage,  835. 

Slate-dislricts,  897. 
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Smerdis  minutus,  from 
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granite,  950. 

Southboum  in  Sossez, 
remains  of  rhinoce- 
ros and  hippopota- 
mus from,  173. 

South-east  of  England, 
Geology  of,  370. 
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to,  526. 

Spatacolherium,  394. 

Sphenopteris  Mantelli, 
406. 


Spiniferites    in     flint, 

Bll,'313;palniatus, 

'312;B^naldi.313. 

Spiriferi,    , 
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Stanniferous  graTcl, 
910. 

Star-fishes  of  theChalk, 


Steam,  S39. 
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sil vood,  728. 
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at,  403. 

Strata,  altered  bj  con- 
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r..,.«mH  138  i 
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9,200. 


Stratification  explain* 

ed,  196. 
Strati&ed    quarti- 

locks,  8S6. 
Streams  and  rirert,  the 

effecta  of,  55. 
Stream-tin,  910. 
Streptospondylus,  429. 
Strickland,  Mr.  H.  £., 


538. 

Slrombach,Baron  Von, 
on  tlie  Encrinus  mo- 
ntliformia,  550. 

Structure  of  Ben  Ne- 
lis,  923 ;  of  crystals, 
S83 ;  of  slate-rocka, 
833,  B35;  of  the 
crinoidea,  655 ;  of 
the  earth,  31  ;  of 
Tolcanic  mountains, 
846. 

Strzelecki,  Connl,  on 
Anstralia,  708;  ou 
Kiranra,  870. 

Studland  Baj,  393. 

Stulchbnry,  Mr.,  on 
Australia,  708. 

Sub-Apennine  fbrma- 
tiona,  mammalian  re- 
mains in  the,  136. 

Sub-Apenninesi  Age  of 
tiie,  223. 

Subdivision  of  tbe  De- 
Herefordshire  and 
Ireland,  783  j  of  the 
Oolite,  496;  of  the 
Wealden,  384;  Isle 
of  Wight,  Wealden 
Btratli,  385. 

Snb-HimalHjan     ter- 
tiarj   deposits,  162, 
163 ;    remarkable 
collocation  of  tbssil 
animals  in.  164. 

Submarine  lolcanos, 
874. 

Sabsideuce  and  elera- 
tion  of  llie  Temple  of 
Serapia,  106,  840; 
of  the  coast  of  Pni- 
xuoli.  470. 

Snbsulphate    of    a]n- 
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doms,  926,  92f). 
Successive  epochs    of 

mammalia,  278. 
Snchosaurua    cullri- 

dens.430. 
Sudden    eleTalion    of 
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Suffolk,  foBsU  mamma- 
lian remains  in  Crag 
in,  136  ;  oi  lower' 
most  Crag.  224. 

Sulphideof  iron,  908; 
oflesd,  910;  ofsil- 

Snmmsry  of  Tolcanio 
phenomena,876,8;9 ; 
of  the  geological 
phraomens  of  Au- 
vergne.  279. 

Superficial  diifl,  137. 

Surrey,  fossil  bones  in 
beds  of  graTel  in, 
137. 

Sussex,  changes  in  the 
coast  of,  460 ;  fossil 
mammalian  remaios 
in  the  cliffs  of,  136  ; 
iron-works  of,  386; 
marble.  415. 

Sutherland,  Dr.  P.  C., 
on  icebergs,  219. 

Swabian  Alps,  185. 

Swanage  Bay,  section 
across,  from  Ballard 
Down  to  Durlstone 
Head,  393  j  Ento- 
mostraca  discovered 
near,419;roBsU  cro- 
codile. 431. 

Swindon,  dirt-bed  nt, 
403. 

Syenite,  883. 

Symonds,  Ber.  Mr.,  on 
the  fossils  in  the 
Keuper,  551. 

Synopsis  of  the  dtri- 
'  alons  of  the  Tertiary 
sj^tem,  215. 

Systems  of  eleration, 
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Teleipeton  Elpnenae, 


Table  of  carbon  ife- 
loui  depogilfi,  674; 
of  the  conlenCa  ol 
the  Stooealield  and 
ColljrweBtan  ooJitea, 
5IU  j  of  the  coalenti 
of  the  WeaJden  »nd 
Purbeck  atcata,  510; 
of  the  Lias  group» 
491 ;  of  the  Oolitic 
or  Juraaaic  group, 
490;oflhePeniiiBa 
fonnation,  53G  ;  of 
the  fiiluriaa  and 
CSambrian  rocks  and 
fouils,  801  i  of  the 
Tiiaasic  or  new  red 
aandalone  formation, 
536. 

Tabreez    in    Persia, 
marble  of,  77. 

Tabular  fli^^  306. 

Taganrog  Cliff,  on  the 
Sea  of  Azof,  section 
of,  155. 

Taggart,Kev.  Mr.,  dis- 
covery of  fueail  foot- 
prints in  (he  Isle  of 
Wight  by,  382. 

Talc,  883. 

Talcose  schiats,  887. 

Tate,  Mr.  G.,  on  the 
carboniferous  flora, 
719. 

Taylor,  Mr.  R.,  water 
in  mines,  and  the 
effects  of  rain,  56  ; 

.  on  plants  in  coal- 
ahale,  691. 

Teeth,  allied  to  the 
Ceetracion,  in  chalk, 
355;  of  elephants, 
143 :  of  Iguanodon, 
436,  438;  of  rq- 
dentia,  144 ;  of 
■harks,  &um  chalk, 
354 ;  structure  oC 
141. 


307. 

Temple  Church  at  Lon- 
don, polisbedcluster- 
colamns  of  Purbeck 
marble,  416. 

Temple  of  JupilerSe- 
rapis  at  Puzzuoli, 
subsidence  and  ele- 
vation of  the,  105, 
958. 

Temiant,  Prof.,  on  the 
Koh-l-noor     dia- 
mond, 725 ;  referred 
to,  310,880. 

Tentaculites,  825. 

Teredo  navalia,  234, 

Terraces  of  Glen  Roy 
and  Lochaber,  954. 

Tenestrial  mammalia, 
epoch  of.  135. 

Tertiary  basin  of 
Hants,  227  (  of 
London,  227;  of  Pa- 
ris, 227 ;  of  the  Isle 
of  Wight,  227;  beds 
of  Maryland,  286; 
claaaiGcation  of  the, 
210.  371;  . 
ceana.  253 ; 
Bits,  38  i  epoch.  200; 
fishes  of,  254;  ex- 
tinct volcanos  of  Au- 


Baliferous  deposit, 
289;  shells,  211 
strata  at  Aix.  264 
distribution  of,  214 
lithological  chsrac 
ters  of,  213  ;  of  Eu- 
rope, 285 ;  ofNorlb 
America,  285;  of  the 
Andes,  287 ;  volcftnoa 


of  Prance.  270 ;  too- 
phytea,  246 ;  system, 
subdivisions  of,  215. 

TeLtigonia  spumaiia, 
from  Ail.  266. 

Thames,  fossil  mam- 
malia of  the  valley  of 
the.  137,  149. 

Tbecodontosaurus,S70. 

Thermal  lake  at  Rota- 
Mahana,  98;  springs, 
843 ;  waters  (aiUci- 
oiis)ofNewZealand, 
97. 

Thick  seams  of  coal, 
683,  732. 

Thraciffi  of  the  Kim- 
meridgo  Clay,  497. 

Tbnringia.  plants  from 
cbalk-strala  o^  329. 

Tilgat«  Forest,  371; 
description  of  the 
Geology  of,  381. 

Tin,  910. 

Titanium,  849. 

Toadstones  of  Derby- 
shire, 895. 

Tooth  of  M  egalosaurus, 
435;  of  the  Elephaa 
primigenins,  161, 
971  ;  of  the  Great 
Mastodon,  158;  Mas- 
todon elephantoides, 
161. 

Topping,  Mr.,  micro- 
scopic preparaliona 
bv,  310. 

Torbaue  Hill  coal,  718. 

Torpedo,  fossil,  255. 

Tortoise,  foasil,  from 
(Bningen,  269. 

Tortoises,  bones  o^  in 
eocene  beds,  256. 

Tortula  cerevisia,  609. 

Touraine,  mioc^ie  stra- 
ta of,  262. 

Toxodon,  the,  describ- 
ed, 172. 

Trachyte,  849. 

Trachylic     porphyry, 
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Tranafonnstjon  of  er- 

i«tiag  rocks,  877. 
Tronsitioa   rocks,  37, 


Trap,  88. 

Trap-dykes  in  the  Isle 
■  of5kye,896;  of  the 
CuboniferDUH  seiiea, 
G9B. 

Trap  of 'Dudley,  B95  ; 
of  the  Maltern,  895. 

Ttappenn  rocks.  207. 

Trap-rocke  »nd  trap- 
dykes  of  the  Carbo- 

Trap-TocksoftheClent 
Hilts,  811. 

Travertine,  74. 

Trees,  fossil,  of  the 
Wealden,  at  Brook 
Point,  390. 

Tree-loodi  fish,  797. 

Trembley.  Abraham, 
of  Geneva,  on  the 
hydra,  608. 

Ttenlon  liraegtone.  82 1 . 

TretOBtemon  Bske- 
velli,  426. 

Trios  and  Permian, 
geographical  distri- 
bution of,  537 ;  or- 
mationa,  535. 

Triassic  mammals, 
5«l;fonnatioD,2U3; 
period,  925. 

Triconodon,  394. 

Trigonia  of  the  OoKte, 
499. 

Trilobites,  829;  caats 
of,  in  melamocphic 
rock,  901 ;  middle 
Silurian,  820;  visual 
organs  of  Ihe,  831. 

Trionjx,  426  ;  feroi, 
574;  iiicraa8atiis,243. 

Trochites,  658. 

Trochocyathus  Kfeni- 
gi,330. 

Trogonthetiom  of  the 


Ciag,  226. 

Trotier,  Mr.  Hobert, 
fossil  crocodile  at 
Swanage,  431 ;  dis- 
covery of  Lepidolus 
by,  423. 

Truncatulinffi  of  the 
London  Clay,  262. 
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Upright  Calamitea, 
690 ;  fossil  trees, 
399, 403;at  Wolver- 
hampton and  St. 
Etiei        -'""    ■     ■ 


9,74. 


Turiililes  described, 
341,  346;  costalus, 
from       chalk-marl, 


1,  574; 
-  fossil,  in  chalk,  367  i 
of  the  Wealden,  425: 
remains  of,  from 
Harwich,  257 ;  from 
Sheppey,  267. 
Taitla,  871. 
Tjndal,    Prof.   J.,   on 


8,72. 


Uddevalla,  fossils  from, 

116. 
Underolaj  of  the  Coal, 


Unger,  Prof,,  referred 

lo,  710. 

Univalve  shells  of  tie  Vegeiabli 

Wealden,  413.  the  Oc 

Unio  Valdensia,  417.  the  Cr 

Upheaval   of  the  sea-  tern,  3 

coast  of  Chili,  840.  822  ;  r 

Upper  Greensand,  301,  ed  of, ! 

315  (  silicified  fossils  Vegetsbli 

of,  326  ;  of  Ireland,  712. 

894. 


Coal-measarea,  686 ; 

of  Nova  Scotia  and 

Cape  Breton,  689. 
Ural   MounUios,   904. 

{Set  alto  Kuseio.) 
Ursus  priscus,  from  the 

Caveof  Gaylenreuth, 

]78  ;   spelasus,  178, 

225. 
Utica   slate   of  North 

America,  821. 


Tal  del  Bote,  865. 
Val  di  Noto,  222. 
Vale  ofWardour,  387; 

Leptolepis  found  in 

the,  424. 
Valley   of.  Woolhope, 

Valleys  formed  by  nin- 
ning  waters,  280, 

Valparaiso,  elevation  of 
the  coast  at,  111. 

Vapour,  839. 

Vegetable  cell,  710. 

Vegetable  remains  and 


Veins,  850,896,  898; 
of  iron  in  tertiary 
•liata,   907  i    and 
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fanlU  in  itraU,  198. 
Vein-itona,  908. 
Vain-atuff,  908. 
Ventriculites,  603;   in 

chalk.  330,  617. 
Venue's  fan,  628. 
VenniculHtia  Bognori- 

eusiB,  253. 
VeiDcuil,  M.  E.  de,  re- 


V«rl«  brae  of  Iguanodon, 

444,44s. 
VertLciJlipora   snaato- 

VeBoiuB,'  &45. 
VibratUe  organs,  605. 
Vienna  buin.  &41. 
Virginia,  cosl'beds  of, 
518 ;  Dismal  Swamp 

of,  323  ;  infusorial 
marie  of,  286 ;  sand- 
atones,  shales,  and 
coal-beds  of,  558, 

Virgularin,  614. 

Visual  organs  of  the 
trilobilsa,  B31. 

Voieanic  ageacj,  101; 
locka,  207.  897  ;  re- 

SLont  of  Auvergne, 
78;  and  Hypogene 

rocks,   838  ;    cone, 

844;  products,  843 ; 

peaks,  849;  tuff,  851. 
Volcano    of    Kilauea, 

866;  of  JoruUo,87t. 
Volcanos,    tertiary,  of 

Ptance,!70 ;  extinct, 

at  Mount  Dare,  275; 

eitinetd  of  tbe  Bhiiie, 

281. 
Voltz,  M.,  nfoned  lo, 

Voltiia,  548. 
Volata  FaiuBBii,  341. 
Vorticdlo^  616. 


WMdour,  in  Wiltshire, 


Vale  of,  387. 
Washington,    HouDt, 
Prof.    Silliman    on, 

lo. 

Water-lime  rocke  of 
America,  821 ;  pro- 
perties of,  55 ;  sol- 
vent power  of,  307  ; 
lemperature  of,  307. 

Walt,  Mr.  Gregory,  ei- 
penmenta    of,    813, 

Weald  Clay,  377,  385. 

Wealden  and  Puibeck 
furmation,  202, 

Wealden,  deriralion  of 
the  term,  300;  of  the 
Sussex  coasi,  368, 
375 ;  at  Ponnceford, 
370 ;  subdivisions  of, 
371  ;  description  of 
tlie,  375  ;  Lower 
Boulannais,  376 ;  of 
the  North  of  Ger- 
many, 377,  388  ; 
delta  of  the,  388  ; 
formation,  subdivi- 
eions  and  extent  of 
Iha,  384, 385  ;  of  the 
Isle  of  Wight,  389  ; 
of  the  lale  of  Pur- 
heck,  393 ;  organic 
remains  in  the,  404 ; 
plants  of,  405  ;  femi 
of,  405 ;  coal  of,  405  ; 
cycadeouB  planis, 
407  ;  fossil  sheila  of, 
413,  417;  mubles 
of,  415 ;  cruitaceens 
of,  418;  cyprides, 
419iinBactaof,421i 
Bshee  of,  422 ;  rep- 
tUes  of,  424 ;  Lepto- 
leplso{,424;raanne 
reptUes  of,  426;  Tre- 
tostenton  of,  426; 
turUea  of,  426 ;  Ca- 
tioMUirua  of,  427 ; 
Plesiosaurus  of,  427; 
Feloroeaorua  of,  427, 
428 ;  dooodilian  rep- 


of,  433 ;  Megalosau- 
ms  of,  435  ;  Iguana- 
don  of,  436;  biiJlo^ 
452 ;  pl^rodactyiea 
of,  452;  Zoology  of 
the,483;peHod,925.' 

Webater,  Mr.,  on  the 
English  Tertiary  for- 
mations, 230,  239 ; 
on  the  HasUnge 
Cliffs,  378. 

Wedge-leaf  plant,  738. 

Westminster  Abbay, 
monuments  of  Pur- 
beck  marble,  416. 

Westmoreland,  palno- 
zoic  rocks  of,  SOEi. 

Westwood,  Mr.  J.  O., 
on  the  fossil-insect* 
of  Purbeck,  422 ;  on 
the  foaail-insBcta  of 
the  Liaa,  530. 

Wetherell,  Mr.,  collec- 
tion of  Higfagate  fos- 
sils, 232.  25(1,  253 ; 
fossils  from  Mus- 
well  Hill,  221. 

Weyer's  Cave,  in  North 
America,  78.  466. 

Whala,  fossil,  of  Brigh- 
ton, 150. 

Whewell,Prof.,onthe 
Bolai  system,  47. 

Whin-rock,  888. 

Whin-silt  of  Yoikshiie, 


WhiteclifF   Bay,  242, 

243;  marine  eocene 

shellB  at,  247. 
While,  Mr.  H.  H.,  on 

spiniferites,  312. 
White  MountaioB,  New 

Hampshire,  821. 
White  Bock,  Hutinga, 

369  ;  drawing  of,  by 
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Miss  Jane  Allnult, 
379. 
Wight,  Isle  of,  freah- 
water  tertiary  shellB 
tit,  249  ;  section  from 
Lobdon  to,  374 ;  Ge- 


Wild  cat,  skull  of,  140. 

Wilkinson.  Sic  G.,  on 
Egypt,  91. 

WUkinson,  Mt.  8.  J., 
on  recent  imil  fossil 
Xanthidia,  313. 

Williamson,  Prof.  W. 
C,  on  fonuainifera, 
334;  on  the  origin 
of  the    coal  -  beds. 
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ed  by,  M  Hordwell, 
342,  256. 

Wood-tin,  910. 

Woodward,  Mr.  S.  P., 
on  Che  Hippurilidfs, 
342 ;  on  the  Cottea- 
woMHUls,504{  on 
the  cephalopoda, 
342-,  on  moUuscB, 
212,  764. 

Woolwich,    in   Kent, 
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Yoredale  rocks,  674. 

Young,  Dr.  F.,  and 
Hr.  F.  Simmondg, 
diBCOrery  of  a  boul- 
der in  the  Chalk  by. 


the 


Tertiary  at,  245. 

Worm -track  8,  808. 

Wrekin,  the  locks  o^ 
S13. 

Wright,  Dr.  T.,  on  Ju- 
rassic echtnoderms, 
528  ;  on  the  inferior 
oolite  sands,  520. 


Wing-fish,  796. 

WLraenbach  slates,  796. 

Witham,  Mr.  Henry, 
on  fbsdl  vegetables, 
687. 

Wood  in  flint,  308. 

Wood,  Mr.  Sefirles,on 
Crag  mollusca,  225 ; 
on  the  ironstone  of 
the  North  Downs, 
971 ;  fossils  coUect- 


Xanthidia,  recent  and 

fossil,  312. 
XBiitliidium,31]. 
Xiphodon  gcacile,  259. 


Zamiles  crassus,  413; 

Sussezienaia,  328. 
Zechstein,  563. 
Zeuglodon   in    eocena 

deposita  of  America, 

286. 
Zinc,  908. 
Zoantharia,  602, 
Zoology  of  Hie  Chalk, 

329,    48t;     of    tlM 

Wealden,  483. 
Zoophyta  and  radiaiia 

of  the  Oolite,  527. 
Zoophytes,  599;    ani- 
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and  ecMnoderms  of 
the  Carboniferous 
system,  761 ;  Dero- 
nian,  791 ;  of  the 
Jurassic  formation, 
648  ;  of  the  tertiary, 
24S;  SilniiaD,82l 
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H»(,i.miitL.    Comnlele  in -'    '" — --'-• -^ --■—•- 


TRAVELS  IN   PALESTINE.     Wiltibild,  SRmlf,  B«njiiniii  or  Turlsli,    • 
villo.  Li  Hroo^DieR,  and  Uiimilnll.    In  one  velume.    milt  u„f.  ' 

I'^BRANOS  fO^LAR  ANTIQUITIES  Of  GREAT  BRITAIN. 

B  or  WENDOVER 

F  Paru.)  li,  i  Voli. 
3,  KEIGHTLEYS  FAIRY  MYTHOLOQY.  Enfirjeil.  FnUi^intiy  CwiK: 
*'  ^\rtrlu  I'"*  Vol'"''lE*  BROWNE'S  WORKS.  MiKil  bj  Simon  W 
T,  10,  &  SI  MATTHEW  PARIS*S  CHRONICLE.  MDliinini  the  llii 
Enil.!,.!  fron  1886  witli  lBd„  t,  th.  whol.,  iiSodli,,  tht  VtUo"  V" 
■nderllH una (f  IUk)»  or  WiHno>iti,ii.  »  Volt.(Si>ii»«nd  |1).  fw 
8.  TULE-TIDE  STORIES.   A  roUettkiii  df  SMnJiuiiiui  Til«  ud  Tnulilioiu 


Dg.l.zalt>,G00 


^  BOHH'S  AHTIQUAEIAN  LIBHAET. 

3  *2   PAUL'S  L  n  OF  ALFRED  THE  CHEAT.    To  «Weli i<  ippmdtd  ALFREDS   ! 

■»■  ANOLO  SAXON  VERSION  OF  OHOSIUS,  filli  •  Uttrnl  iruiilittoiL     WsM,   J 

*  UHl  Ml  AiiE)a*Sai«n  Gnmniar  and  GIhiiit,  \>j  B.  Tbobpi,  Bfq,                            j 

?  t4  i  as.  MATTHEW  OF  WESTMINSTER'S  FLOWERS  OF  HISTORY,  ofc^j   | 

'  tuch  B>  mlnle  to  lh(  uleiri  of  Uiiliiiii,  Ima  tlie  ))c;iiuiiug  at  the  world  to   c 

•  i.D.  1J07.    TrmmlMcdlijC.  D.  YoKO£,B.4.    Io3Vol>.                                       J 

■^  "'S  IB,  LEfSlliS'S  LETTERS  FROM  EGYPT,  ETHKJPIA,  Md  tbi.  P^^INSULA  OF    J 

*i  Bauim.    Wilb  Uapi  and  Colonicd  View  of  Mouut  BarLul. 

^  37,  28,  SQ»S«.  ORDERICUS  VITALIS.    Hi.  EMlMiiatioJ  Hitl.^o(En^J«Bj 

IV     A  ._  ..  °™,.|^  ^  ."jfj  jo^i I.J.,  'v.  T  r.......   u  1      I-'  1  Vol.. 


1    9B.  INGULPH'S  CHRONICLE  OF  THE  ABBEY  OF  CROYLANO,  "ijh  Hie  Conli- 
niution  toTotar  of  Bioi.  ud  other  Wiiten.    Tmutattd,  with  Boici  and  u 

I  lnaa.biH.T.Kii.«,B.i. 

I      9.  LAMB'S  SPECIMENS  OF  ENGLISH  DRAMATIC  POETS  of  the  time  if  Elin- 

:  bttliiiii«lBd&W'««SeleaioMfn)iiillicCarricl;Pl»Ti. 

13.  MARCO  POLOB  TRAVELS,  tho  tnmla'jonol  KukUib,  edited,  with  Kola  ud 

!  liiicri<liictioii.bjT.  WiiauT,  U.l.,FSA.,lie. 

IF  WORCErrER'S  CHRONICLE,  with  Ihe  Two  CuntfaiuaUoni ;  j 
juuili  of  EtiKliih  Uiitory,  from  the  Dcaaitore  itf  the  Romeua  to  tlie  j 
DdL    Trmnjl.teil,  with  Sott.,  hj  T. /omiM,  E«i.  ■ 


Ot  MaiiAai 

t.  FLORENCE  OF  W  -    - 

Itcipi  of  MwEid  L 
IS.  HAND-BOOK, OF  PROVERBS.  « 

U»iT  G. 

IT.  CHRONICLES  OF  THE  TOMBS:  k  Kieet  cmieclign  of  Epitaphti  witk  Einj    ! 

an  IdDumuittl  IzucripUoiu,  fcc,  b;  T.  J,  FiTTiauw,  ¥  B.S,  isl.  j 

.    18.  A  POLYGLOT  OF  FOREIGN  PROVERBS;  eoniiiri.in(Preiich,ttallm,G«nBaii,    I 

Datck^ Bpuieli, Folttiiiiw k Duitb.  WithEiiiliihTniiiluioai,lce<Deralliidei.    < 

BOHH'S  HISTORICAL  LIBRART, 

Vi^/iimwUkllu  BTAHDaaD  Lnuii,  fria  6>.  p«r  Fviumc. 
,  9  (i  a.  4|UE«  MEMOIRS  OF  THE  COURT  OF  ENGLAND  DURING  THE    ! 
"""H  OKTaE  87"""™  '-■-"--  -'- ■-    -  -  ■-     — '     • 


HEIGH 

Beunl  Index,  ud  Dpwatdi 
,  JESSEV, MEMOIRS  Of  THE 


8TIIABT3,  iselndiiic  the  Fur 

1 .,  .r.r.  -..rtiiiti  «iigniii 

'RENDERS  AND   THEIR   AOHERENTS.    j 


iw  edKiom  complete  in  1  ro1.,wlthItideiBiidSiiFtvV*lt(aneiot^il. 
'  B,  6,  T  fcS.  PEPTSOJAnY  AND  CORRESPONDENCE,  rBbI  by  Loira 
!  BIOOU.    New  Dud  Improved  Idiiimi,  Bidi  Additions.    Conplelc  a  i\c 

'  '^lunreted  with  Fdrtniii  end  ghas. 


BOHH'S  LIBRART  OF  FREHCH  MEMOIRS. 
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